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Long Journey of the Pacific Salmon 
Renrning tote mvernne britploces to spawn and die, Pacific salman 
face dangers beyond hungry eagles and Indian nets, Commercial fleets. 
multiple dans, and the effects of clear-cut logging fake an increasing toll. 


Jere Van Dyk and phoroerapher Natalie Robes study the prospects: for 
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The Timeless Mystique of Emeralds 3 
Coveted Dy Kings and commoners alike for thowsands of years, these 
green cenis are still wrested from tte-earin, cit, and polished mostly 
by hand. And some are stil transported the old-fashioned way—by 
Wenig, avs auiner-photograprer fread Ward, whe tracks thet 


fournevs around the world. 
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Hawaii's Volcanic Cradle of Life 70 
High on the siepes of volcanoes that gave birth to these islands, ferns 
sprout in tave cracks and spiders spin webs in the molds of incinerated 
trees — models of adaptation. Biologist Willian H. Amos shows how a 
handful of microscopic life-forms arriving by chance from distant lanes 


have exploded into a diversity of species found nowhere else 


South Florida Water: Paying the Price — a9 
Once shunned as mosquito-infested swamplanad, the watery wilderness 
af south Florida hay been drained, dredged, and diked for farms and 
cities. But these spectacular feat af engineering have wreaked havac 
an the environment, according t@ Nicole Duplam. Photagraphs by 


Kevin Pleming, 
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Florida’s Coral Reefs Are Imperiled iis 
Fornved by tiny marine organisms called polyps, coral reefs fake centi- 
nes io grow—and only pears to decay. Water poliution and damage py 
cureless boaters and divers threaten their survival. For three decades 
quthor-photograpier fred Ward and photographer Jerry Greenberg 
hove witneshed the deferroration of the reefs along tire Florida Aevs 


Cover: Plasboyant plumes called aipreties mark the breeding phase af the 
great egrel, a year-round ferent of south Florida wetlands, Depleted by 
Plume hunters at the turn of the century and now protected, this heron has 


repeoned its former numbers, Photograph by Farrell Grehan 
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APTAIN Yuri Nikolaevich 
Nevolin crew on & citarette, 
then flicker tt away into the 
calm gray Sea of Okhotsk. On 

Hashing 

boat @ frayed hammer and 

sickle fluttered in the August breeze 

“There are not enouch boats to gel all the 
fish out of the water,” said Captain Nevolin, 
logking out through the ragged fog. In frontal 


TTT 
the afterdeck of his 








us, in @ setnet, hundreds of glistening bla 
dorsal fins turned on the water's surface. (ur 
net lifted woes hundreds 
became thousands of trapper! salmon, splash 
ing forthe last time off t 
Sakhalin in the Sowiet Far East (right) 

A crewman swung a mesh basket under the 


mass of fish, scooped up 50 or so salmon, and 


them, anc the 


iz coastof the island af 





brought them-on board. “We can catch a hun- 
dred tons in 2 " Captian Nevatin said, 
shouting to be beard over the drumroll of fish 
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thrashing in our hold, Soon the catch was so 
great it overflowed the hold in a stiver carpwta 
The morning's catch of ttn tons 
would fetch the equivalent of $60,000, Acmd in 


Loi deen. 


winter abead it would supply a 


the long 
CAnNnec source Of protein anc calories uy far 
way Moscow and Leningrad 

In the Soviet Union, where some citizens 
till think of salmon aé the tsar's fish, nothing 
ands into 
frying pans, roc into jars for red caviar, a deli- 
be savored on holidays and at wed- 





is wasted: Hends go into soup, miltg 


Cacy oO 
dings, The indigenous Ainu people of Japan 
“a present brouwgint 
from heaven,” which fed their forefathers 
Alaska even @& modest chi- 
nook salmon of 15 pounds can bring.a whole 


remember the salmon 25 
Across (he Sea in 
calle price of £45 —more than (wict £5 much os 
a hercte) of crude o1l 

In a good year the whole catch of salmon 
from the Pactic Rim toight amount to B00, 000 


tons worth five billion dollars. about the gross 





national Dew l oT Panama 


Given the value of these prolific fish, is it 
on wonder thal people have followed their 
movements for thousands of years, or that the 
ancient tribes of the Pacific Rim honor them 
still, or that natives and newcomers hight bit- 
i¢m, OF thal 
nations argue over who owns them, or that 





terly over the right to fish for 1 


sportsmen spend hundreds of millions of dol 
larsa year to catch them? 
Seven species of salmon car be found in the 


waters of the Pacific. All of them belong to the 





Latin for the 


“hooked snout” that descobes the upper jaw 


Ourcorhyvnachius trom 


PE TILL 
The largest is Oncorhunchus: Whowyischa, the 
salmon, whith can weigh as 
much as 125 pounds, There are also the coho, 
OO. dioutch; the chum, 0 the pink, U 


gorbuscha; the sockeve, f). merka; 


chink. cif King. 


hela; 
anc the 
cherry, QO. masot, an Asian species that set- 
dom ranges bevoncd the fringes of Japanese and 
Soviet waters. Scientists of the American Soci. 
ety of Ichthvologists and Herpetologists aclched 
the seventh species in 1989, reclassifving the 
seagoing steelhead, formerly Salmo garranert, 


as Oo mevkass, based on the anatomy, behavior, 
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Vaing stout oors, Soviet fishermen 


never thew rowbodl beside a sete 
in the sed off the island of Sakhalin. 
Hon over hand they wlll Aaa tn the net. 
crowding thousands of salmon toward 
Hee main fishing boat. Once its hold is 
filed to overflowing with 10 tors, the 
boat will head for the processing plont in 
Poronayvel. The fishing fleet works 
around the clock for every salmon hutr 
west, but it pressed even harder during 


nis 989 run, the largest in LES years, 
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numbers have been greatly diminished by can 
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: Shielded from slime and 
bundled against the cold, 
Workers atthe processing 
plont in Poronrs® rut 


freshly cought salmon ond 
pass them along for salt- 
ing. In agnether roam 
women toke a hrechk from 
fhe tedium of the com ry 
Puri cy tie Dreuzhha Crit 
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OnODY FATS as much Pacific 


almon a the lananese, who 


consume the fish raw. pickled 
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Grlistenime salmon fins 
Surround & swimmer in 
the seq ecat of Sakhalin. 
Realy to spawn, the 

fish feel the pull of the 
Ochepukha River, But 


ire 


officials hove bloc 
their wiry becuse a 
drought has made the 
water too warm. The 
aiiion collect of the 
river's mouth woretil the 
barrier comes down in 
the cool of evening. 

in Poronovek, Valerv 
Efanov, the duthor’s 
Fide, savers salmon 
Cheeks os Aim Nacho 
demonstrates how her 


people, the Crochi, tradi- 


fonally prepare the fish 
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FAVING their native rivers & hiriger-Sire 

qmolts, salmon erow ronidiy im the rich 
| feecing crownds of the North Pacific 
Ocean, They stay in coastal waters al. firet, 
then move to sea, where they feed on mooplank- 
ton and smaller fish, ‘The Pacific nourishes 





ceven speci of salmon—including the stec! 





Pink 


head, clissified as a trout until recently. Males 
In spawning colors appear at right. 

Fleets from the U.S., Canucla, anil the 
U.5.5.8., three of the principal salmon-fishing 
nations of the Pacific, catch adults returning to 
the rivers of their respective countries. The 
Japanese also catch the silvery salimon still at 
eco Whose firm, oily fiesh they prefer. Interna- 
tonal agreements restrict Japanese catches to 
the areas shaded in green. Taiwanese équidl 
hoats with massive cinft nets have been caught 
poaching aalimon at sea 
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A 1969 treaty signed by she ti 6. 
laneca, and Japan essiaSeched 


Pesiriclery ores for Japs saulrrices 
fishing. A 1856 treaty between the 
US.5.F. and Japan farther ragulatod 
the Japanese asnon Meet, US: 
agreements wth Tahwen and Seutty - 
Kores ala ited Ta 
ata 
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bargains over a stack of frozen chinook, then 
to another stall, where he pops a salmon ege 
into his mouth for a taste test. He closes his 
eves and nods approval: “Not bad,” he says. 
He holds another egg to the light, like a ruby, 
To him the ideal salmon egg is transparent. It 
melts in your mouth. “It must taste dry, It 
must have a light delicate flavor. I look for 
size, firmness, and color. [If the eggs are too 
tlark, they haven't been prepared properly.” 
Even the container has to be just ¢o, made of 
fir, not cedar or pine. “If you have the wrong 
wood, the stell- affects the eggs.” 

In this nation of fish-eaters a tiny 6-by-13- 
foot stall at ‘Tsukiji fish market costs more 
than a million dollars, but stalls seldom go on 
sale. The high stakes and exacting standards 
can be punishing, as Atsushi Udo told me: 
“An independent buyer has to work harder 
than everyone else. Llost 17 pounds im the first 
three months of business.” Ud0o, still lean, fin 
ished his breakfast of raw squid, tuna, and 
salmon, and wiped his hanes on a hot towel 
“Tdon't see my wife and two daughters much, 
I visit customers on Sundays. I was in Thai- 
land yesterday. I'll go anywhere.” It was 6:4) 
a.m. Ude would probably work until 10 p.m 

As Japan's appetite for salmon grows, the 
nation is looking to the rest of the world to ace 
to the supply from its own rivers and estuaries 
The Japanese fly salmon eggs to hatcheries in 
(Chile, where fry are released into rivers and 
streams, Between 1983 and 1985 Japan pro- 
vided 12.6 billion yen’s worth of hatchery 
equipment to the Soviet Ministry of Fishertes. 
Near the Soviet city of Magadan, I saw the 
makings of this venture—new plastic incuba- 
tion trays for roe, shiny steel pumps, and plas- 
tic tubing — gathered uncdera half-buut shelter 
of wood and concrete. Japan also buys fish 
from North Am#rica and deploys its own com- 
mercial fleet of 200 vessels to ply international 
waters for salmon. 


ONTROVERSY GROWS with the 
demand for salmon. The govern- 
ments of the United States, Can- 
oda, and Japan maintain that 
every migrating salmon belongs 
to its country of origin, ewen beyond the 200- 
nautical-mile limit set by international agree- 
ment. The fishermen of other maritime states, 
such as Taiwan and South Korea, believe that 
fish, a gift of nature, belong to everyone. 
Some seagoing salmon get snared in drift 
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nets, each set to a depth of 30 feel across 30 
miles of ocean. This method—wused by Tai- 
wanese, South Korean, and Japanese squid 
fishermen—picks up most everything that 
swims by, Many of the experts [ talked to said 
that Japan regulates its squid fleet, that most 
of the illegal salmon fishing is done by Tarwan 
ese and South Koreans using squid vessels asa 
cover, As in everything involving saimon, 
there is bol debate over who i doing what to 
whom and over the extent to which drift net- 
ling damages the salmon fishery: 

“We don't usually know where the illegal 
fish are actually caught,” said Michael Dahl- 
berg, high-seas salmon expert with the 
National Marine Fisheries Service in Auke 
Bay, Alaska. “Most are probably of Asian 
origin. Alaska had a record catch this year,” 
Dr. Dahlberg atided. Alaskan fishermen cid 
not seem to be suffering— vet 

There is also concern over the long-term 
impact on other spectes, Most island states in 
the South Pacific, including Australia and 
New Zealand, have banned drift netting in 
territorial waters. And the Uniter] Nations 
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General Assembly recently condemner the 
practice as indiscriminate and wasteful, 

In Tokyo | showed Datshiro Nagahata, o 
deputy director with the Fisheries Agency of 
Japan, an angry editorial from the U, 5. 

“SAY NO TO DRIFT NETS," read the newspa- 
per headline 

Nagahata studied the clipping and pushed it 
back across the desk to me. “The Americans 


National Georrapiiuic, July 1290 


consider the high seas a fish sanctuary. Japan 
considers them common ground, although we 
respect the country of origin principle.” 

In an effort to ease the controversy, Japan 
closely regulates its fleets and now allows 
foreign observers aboard some of its drift-net 
vessels. It has even agreed to equip its ships 
with radio transponders, which would give a 
constant fix on their position. 


Pacific Salmon 





Relics of 
early salmon 
hunters 


Wy ei A WICKERWORE WEIR 
. built te step saimon 

- swimming upstream, 
un Ainu fishes witha hand 
net. This 1860s watercolor by 
Japanese artist Byozan Hir- 
asawa belongs to a set of 12 
showing Ainu customs that 
were s00n.to disappear, A 
fative people of northern 
Japan and nearby islands, 
the Ainu freely hunted, 
fished, and gathered food for 
thousands of years. They 
believed that the 4almon, one 
of their staples, were spirits 
who returned every year, sac- 
rificing themselves so that the 
Amu could live. With the 
dawn of the Meiji period in 
1865, Japan colonized the 
Hokkaicio wilderness anc 
pressed its Ainu inhabitants 
to take wp farming. 

Deputy director of the 
Sakhalin Regional Museum, 
Valery Shubin shows off a 
salmon-skin robe once worn 
by Ainu on special occasions. 
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“The biggest argument 1s that drift netting 
is a waste," says Jim Salisbury, a fisheries 
attaché at the U.S. Embassy in Tokyo. “The 
salmon you get at sea are small. They'll be 
almost twice as large when they return, « tre- 
mendous resource forthe U. 5. If the Japanese 
want salmon, they can buy them from us." 

They do —and they do. Most of the commer- 
cial catch from Alaska, the richest salmon 
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By the light of a sunbeam Koaymond rerenony from cusbhons lept alive try 
Moses tunes his drum before joining wundividwal families, 


a sition ceremony (below) in the Traditionally adorned, Sute Orita 
Tulolip longhouwss in Washington tukes port in the Ainu sahnon cere- 
State. His ancestors were among the ALOny, Pevited In Sapporo ten years 
mony peaples of the Nurth Pacific avo. Forbidden by the Jupionese a 
whe created legends about the century age to fish for salmon in the 
salmon ard celebrated tts return. old way, the Ainu may mow cotch 20 
Modern Tulalip hawe revived their fish for each years ceremony, 








grounds in the world, res fi Japan And 
because they purchase such greal quantities 
every veur, the Japanese sel the world price 

To make sure the fish are handled properh 
and to assure supply, Japan bas invested in 
many salmon canneries.and processing plants 


in Alaska and British Columbia. Japan also 


seems an army of technicians over to supervise 


processing the roe Americans once discarded 

ae ae 
Harold Thompson, president of sitka 
Sound Seafoods, a-major processor in south 
east Alaska 





he ina world of hurt without them, 


\HERE WAS A HINT al Winter in the 


October wind when [ set out 
across Sitka Sound with Gregg 
Jones, one of 1,700 commercial 
fishermen licensed to troll for 


saimon in Alaska, Even though the best partol 





the senson was over, #6 a favor to me Jones 
went out fishing that cay, He took a sip of hot 


coffee and pushed a trollme rig oul over the 





waiter, then went inside to scramble eggs on his 
manne stove. The sum wos just clearing the 
snow-covered mountains. 

“T traded] my house and pickup lor my Tirst 
boat,” he reflected, pouring another coffee to 
ward off the chill. “The woman in my. life 
didn't like it.” A sleeping bag lay rumpled on 
his bunk. “It's like living tn a house, only i 
poes up and down, and there's acifferent view 
every day." 

(ime of the limes Jones hit) the 
hydraulic recl and brought up a shiny chinook 
of perhaps 15 pounds. He gaiteditonthe head, 
then punctured its ventral aorta. “It's like cut- 
ting the jugular vein of a cow," he said, After 


(ee tect 





the blood drained out, Jones ran a long knife 
up its belly and pulled out a herring’s ragged 
"She isn’t ready to spawn yet. She 
At this: wetreht, I'd 
say she's been in the ocean two years.” 
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He washed ber off, making sure no blood 
remained inside, because that is the first thing 
that goes bad. He went below, packed the fish 

amt! calculated that it would bring 
£37.50. He smiled, feeling better now that the 
first fish was on board. Butatterten cold hours 


it would be his last—the onlv fish we cough 


HI ice 


that day 
The hie money makes it worth the risk and 
labor. A. cabmon troller can earn a5 


a5 $70.000 in a good season, and a deckhand 


miaeh 


1 ae 1 — : 
can cel > 10.000 — one reason college kids of eo 





follow simon to Alaska. Atew good summers 


and you poy your way through callege 
Toward sundown we returned to Sitka un 
der low clouds, Asingle totem pole was silhou 
We ate halibut cheeks 
that night with some fishermen who brought 
even a clarinet 
When the music stopped, I heard outsnle the 
squen ofold rubber tires against the plier, then 


etted against the sky 


a fiddle, two fuitars 


t 
ce 


aul crying.“ The sea is the last place [ know 


" saad Jones 


where aman can be free, 

That night, Dknew, the last of the season = 
coho were running inland, tasting the familia 
waters of the nearby Katlian River for the first 
Hime in more thin «a vear at sea. Perhaps by 
now they held deepin the safety of a pool under 
the drifting snow. There they would rest tora 


Notional Geographic, July 1200 
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A burt insignificant in the 
face of The Dalles Dam, 
a Yokimu fisherman costs 
a tine inte the Columbia 


River. A series of dome 


fas seriously diminished 
this rivers saloon ruris. 

Japan's Nibutan Dom 
rises behind Aingu folkinor- 
ist Shigeru Aavono. When 
construction ends, the 
Sar Hiver will flood his 
fields. In return, he wants 
the government to restore 
fo the Aim the right to 


fish for the river's salmon, 















A perilous life cycle 


Asalmon hatches and dies in the > 
same stretch of a cool, fast-flowmyg =~ 
river. Diering its lifelong journey to sec 


and back, it confronts both natural 
and manufactured dampers. The coho, 
shown here, lives in fresh water for 
more rahe a YER ee alt we 


Death 


while, then move upstream again into the 
silent mountains, traveling on stores of fat and 
muscle from their sea-feecing years. Spawn- 
ing salmon stop eating in fresh water, even if 
their river journey is a thousand miles, Their 
purpose now is to breed. Each fish finds its 
way up the river's main stem—even into the 
branching, rebranching, and constricting trib- 
utanies—to the place where it had hatched. 

The fish fine their birthplace within a small 
margin of error, guided by the smell of the 
home étream and by other means that humans 
do not vet understand, 

When a hen salmon finally gets home, she 
bevins digging anestin the riverbed, thrashing 
with her whole bodyto make a hollow. Twoor 
three males hover nearby, firhting for breed- 
ing nights until the nest is finished. The hen, 
now accompanied by the strongest mae, 
shudders and releases her eges, dropping them 
mto the nest. Simultancously, the male shud- 
ders ten, releasing a milky cloud of sperm to 
fertilize the egzs. With her tail the female 
sweeps a protective cover of gravel over the 
nest, at the same time scooping out another 
nest for More errs. 

Not long after the spawning is done, both 
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parents die, spent from the process, from the 
weeks of fasting, from the territorial fights, 
from the nest building. They become food for 
eagles and bears. Their decomposed boches 
add nutrients to the water, which in time will 
nourish their progeny. 

Then the cycle restarts: From the eggs hatch 
alevins, translucent fish carrying pouches 
of food on their bellies, which feed them 
for weeks, Alevins become fry, fry become 
smolts, and smolts are salmon headed to sea 

Most never make it home again. Ifa female 
Jays 3,000egg5, no more than 300 orsosurvive 
as fry; of that 300, no more than four or five 
reach maturity and fewer still return to spawn. 
The survivors beat the adds, traveling as much 
as 10,000 miles in the ocean, eluding preda- 
tors, fishermen, pollution. Given the natural 
and man-made perils faced by a salmon, the 
amazing thing is that any survive at all. 

But they do 

When the tanker Exxon Valdez spilled 11 
milion gallons of oil tnto Alaska’s Prince 
William Sound in March of 1989, it appeared 
to doom the salmon that normally mass there 
before summer spawning. In fact, when the 
fish returned, fishermen reaped more than 20 


National Geographic, July 1990 
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million pink salmon, a fourth of the state's 
catch. It was one of the biggest seasons since 
1878. The long-range effects of the spill remain 
to be seen. A wear later researchers noticed 
that fewer eggs survived in some areas. 
and young fish were smaller than normal. 

Like other wild creatures that man relies 
upon for food, the salmon offers constant les- 
sons in humility. 

“We're wrong more than 50) percent of the 
time,” savs Herman Savikko, a biologist for 
the Alaska Department of Fish and Game. 
“We predicted t6.1 million sockeye for Bristol 
Bay tn 1989," he said. “There were 29.3 mil- 
hon. Once salmon reach the ocean, it"sa black 
hole. Are the drift nets taking theme Is there 
Increased predation? Warmer current? A cold 
snap? Mother nature decides.” 


O-aAvOLD the uncertainties mother 

nature inflicts on fishermen, peo- 
ple are turning to salmon farm- 
ing, which now accounts for 
three outofevery ten salmoncon- 
sane in the world. Roger Engeset runs such 4 
farm, tucked away ina rocky cove on the coast 
of British Columbia. There he grows fish the 





Pacific Saleen 


way other farmers grow hogs—in feedlots— 
except that his lots are fenced by nets and 
afloat in salt water. 

“In48 hours we can get the salmon from pen 
to restaurant anywhert in Canada or the 
U.5.," says Engeset, standing by one of 16 
pens that holds a5 many as 275,000 salmon: 
“We don't hunt pigs any more," he says, 
scooping up a handful of salmon feed. “We 
farm them. It will be the same with salmon." 

He casts a handful of the food pellets into 
one of the pens, and his salmon swarm to the 
surface, like pet goldfish at feeding time. 

smolts are dropped in by helicopter, 10,000 
to 15,000 per load. Dumped into the pens, the 
smolts-stay there, never going to sea, never 
joining the hazardous migrations of their wild 
cousins, never being tested by the rigors of 
courtship. For as long as 24 months, they live 
only to eat. When they weigh about five 
pounds, they are netted for market. 

Kept on ice, the fish have a shelf life of three 
weeks. If you eat salmon that has not been 
cooked or frozen, you risk ingesting a parasite 
that can cause discomfort in your digestive 
tract, although permanent damage is unlikely. 
Almost all salmon is safe, even good for you. 
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Working through the night in Bristol 


Boy, crewmen load a Japanese 
freighter with freahiv frocen soimen 
from a processing barge. The Japanese 


§ percent of the Bristol Bay catch 


bury 
Ata fisheries cooperative in Miyako, 
lapan, @ worker sort saimon roe, 
wittch the Japonese value even more 
hichly than the fish itself, Delicately 
held with chopaticks, a perfect peari 


of roe accompanies salmon ALISILE. 
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reason, smaller hatcheries may be established 
on more streams in the Pacific Northwest, to 
nrotecteach watershed’s unique strain of fish 
“Tt looks like the offspring of a hatchery fish 
bred with a wild fish has less chance of surviv- 
ing, he says 

Many a sportsman will tell you that hatch- 
ery fish don't fight a5 hard: as wild ones 
And many consumers feel that the taste and 
appearance of a farm fish can't compare with 
that of its wild brothers—one reason Japanese 
buyers prefer Alaska’s wild salmon, 
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Helicoptered from the hatchery, 20,000 
chinook smolts spill into a saltwater net 
pen atone of British Columbia's many 
siimon farms. [n about two years Giese 
saimon will be ready to harvest, weigh- 
ing six te nine pownds. On another farm 
Brad Anderson nets feisty chinook bound 
for the processing plant, then perfups 
the United States or Japan. 


ary 


A SPECIES that has 
thousands of 
years in wild, open rivers sur- 
vivein a world of diminishing 
wilderness? Some can’t 

Wild coho have disappeared from the upper 
Columbia River, The sockeye are almost gone 
fromthe Snake River ofldaho. AndinlCalifor- 
fia’s Sacramento River, once a greal salmon 
ctream, the winter race of chinook 15 on the 
threatened species list, and fisheries specialists 
beliewe that the spring run of wild chinook 
may face the same fate, Many feel that there ts 
not enough water in California to sustain fish, 
subsidized agriculture, and a human popula 
tion that rows by 700,000 a year 

Jason Pelti¢r, manager of the Central Valley 
Project Water Association, explaimed it this 
way: “Seventy percent of the rainfall in Cals 
fornia is above Sacramento,” he saic: “80 per- 
cent of the demand for water i= below.” To 
sustain grawth in the hot, dry south takes 
water from the northern salmon country 

“We just wantto keep the salmon in water,” 
said Forrest Reynolds, of the state's Inland 
Fisheries Division. “California does not have 
enough water. One goal,” he added, “is to 
keen the environment clenn for the value 
salmon provide, over and above fishing. We 
stress wild salmon for their intrinsic value and 
for tourism. They are part of the California 
lifestyle people want bo experience.” 

To keep salmon, as well as striped bass, 
coming to the Sacramento River, the state 
built'a 20-million-dollar complex near Byron, 
where fish are strained out of the river at the 
Skinner Fish Facility 

“Water from the channel passes through a 
ouvers,” sai] Marvin Niemi, water 
operations chief at the facihty, “That causes 
the water to nipple, which causes the fish to shy 
away into bypass pipes.” He ran his hanels 
over one of the metal louvers; which looked 
hike a miant vertical window blind. “We take 
the salmon aut of the bypass pipes, put them 
into holding tanks, anc cart them 25 miles 
downstream Witter diversion pipes 
and closer to the sea.” On a good dayin Apnii 
or May, when chinook are running, the plant 
handles more than 5,000 a day. 

Flving over the Central Valley, l wondered 
how so many salmon had managed to make 
their way so far south. The Sacramento River 
moves like a thin snake, wriggling down past 
the base of Mount Shasta through hills that go 
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from green to brown, then crossing: into a fat 
landscape of squares, dams, channels, levees, 
pumping stations, and ruler-stramght water- 
What was nrime 
salmon is now prodigious farmland, source of 


wails Once habitat tol 
i third of the fruits and veectables produced in 
the United Strate< 

[t was a trade-off Wasit worth it 


af Modesto [ met a rancher who answered the 
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At tt witterside work station in Idahe Steve 
Achord weighs smolts (hetow). ‘The computer 
chip (bottom) that he has imserted tn ter 
bellies (riddle) will let scientists track the 
amolt=' passage through dams. Snorkeling on 
adifferent Idaho creek, Russell Kiefer counts 
amolts for a study of habifal improvement. 








“What's 


sportfishing or food? We're the cheapest fed 
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nation in the world.” Those words carned 
over a-quiet stretch of his Jeased pasture, and 
thesound of hrs voice made bis cows moo inthe 
autumn naeht. 

Y LATE OCTOBER the rain was slash- 
ing in sideways from the Pacific, 
into the Strait of Juan de Fuca. I 
hacl come bome to Washington 


he waves crashed brown and 


white over the rocks. Gulls screamed over 


the mist. and T imagined how It was 
when the Makah [nchans paddled out to sea in 
their cedar canoes to fish tor «almon 


For as long as anyone can remember, the 
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almon have been 
inked. The fish was & mainstay of their ciet, 
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nm? been taboo to thoy refuse in « 4almon 


ream, anc peéooles allarouned the Pacifie cele- 
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When we saw the first salmon jump, we 
up to Kettle Falls, teh ancl cook 
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recilleéd Breaking of Lawn, e@reat- 


twa fish 
“Between | 500 and 27.000 Indians came from 
all four directions to take a small piece of the 
hrst salmon. Then the season began.” 

Grenking of Dawnis 84, and hess 
bitter, | found fim playing solitaire ina trailes 


e Columbia River, far upstream near the 


tt i . 
a } Ri ee Bee 


He showed me @ slab of 


Whiace of Inchelivum 


ir ft i i | . 
Ored Sel Tay t nis Lan | >. Wha! | Wa ere 


deprived al white people,” he saad 
handing it over. “T have to buy lt now. Coast: 
b20." He took tt back 
Breaking of Dawn lives too far wnstream fi 
aimon now. They can’t get past two dams 
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A bright spot amid dev- 
astation, biologist Kelly 
Wilcox tahes o stream s 
temperature at a lorring 
site in. British Columbia. 
The fosa of shode plants 
gQlong the bonks mary hove 
mode the water foo warm 
for saimon. Bore hillsides 
mov erode te produce 
smothering sti 

Rescuing saben from 
an irrigation system, Calt- 
fornia fisheries hiologrist 
Jon Polrine grads o chi- 
nook by the tanh, (Mviorky 
soln migrahivie wp the 
San Joaguin River stray 


into these channels of 


agricultural munaff, 








Lotten heard that the wild fish make up only 


Es GE percent rif thee i “ou bee ruins Wo one 


cermet to know rcv those ares 
cerived, butevervone arreced that the recion" 
hatcheries hac introcucectl hundreds of mil- 
lions of fish inte the river over the yesirs 
Theres, of course, no going back tothe days 
uit l 


when salmon ran free on the Columbia 
visitor cannot help but feel amazed 
touched, atthe lengths to which man will ga— 
utterly transformed the 
world—to set things mght for the fish again 

Ewerv spring barges make daily trips down 
the Snake Kiver to the Columbia with an 
iinlike hy CAareo 





having alman'4 


cach one carries 250,000 o1 
smolts from Idaho. When 
hairees ire downstream of Honneville Dam. 


more chinook 


140 miles trom the sea. the frth are released to 


nke their o [the migrating fish had 


We Te eet 


Peet 


Sinan 


Were 


to swim the whole distance, many would die, 
slowed by the artificial 
lakes, or destroved in the turbines of 1 


eaten by predators 





arms 
Vimost 140 million dollars has recently been 
committed toinstall ind upgrade fish passage 
ind screens on four of the Columbia 
that fish can get 


Bach spring waler is released 


WHVE 
System & Gams, so 
around them 
from the dams to ease migrating fish on then 
?O mint pon ch 


rene rat ing CA pa ty’, 


more 


wi, atacoastofas much as lars a 
in Jost 
Many people would happily pay higher rates 
lor the fish's sake 

‘It's smolts versus volts,” quipped Steve 


Petit, a biologist with the [Idaho Department 
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of Fish and Game. “The power per ple say our 
lollar a month te 
calmon. Wein the Northwest have toconvince 


rates will go up a save the 


the power people that we have to doit, regard 


ss of the cost 
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Precccupied with 


RIVER, people seem 
the salmon and 
Lucie Worsham 


rrom a dark 


its well-being 
i one of them 
roam built into the base of 
Booneville Dam 
[ found her at thi 
staring through a green window, watching for 
hsh in the swirling green wate! 

“Tt doesn't get boring,” she saul, “When 
the fish are running, alll can dois count, using 


both hancs, Sometimes wi ret 10,000 chinook 


she keeps tabe on salmon 


tratiis counting station. 


a day. 1 count every one,’ 
A small silvery male salmon passed, glow 
ing inthe tight, Worsham hit a key-on an add 
Then the salmon reappeared, 
“he tit an 
deleting Hit. We wiited, He came 


Ing Machine 
drifting backward, downstream 
other key 
by aan 


She entered him. That mace it eight 


chinook: forthe day, 375,418 for thi 
Everyone along the river 
fh. How many did vou catch today? How 
miny passed the dam? How many this time 
iaét year? The fixation with counting intensi- 
fied in the 1970s, when UU. & 


re 


Seems (06 Court 


courts ruled that 
certain finetian tribes in the Panic Northwest 
Were entitied, by treaty, lo asmuch as half the 


tional 





harvestable salmon returning to trai 
tribal fishing areas tach year. Until then, no 
extensive surveys of salmon populations had 


taken place, so it was-ttrnpossible to know ex 
actly how many there were. When the surveys 
of fish was con 


of fish 


were comoletect, the scarcity 


firmed, To ensure an adequate supply 
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Among many animals dependent on saimon runs, a bold eagle dines in a tree 
in Alaska. Submerged bronches, reflected on the waters surface, fold the 
spowned-our body of a British Columbia sockeye. As it decays, the salmon 
returns nutrients to the river where spring hatchiings will renew the cycle. 


for the future, regulations limiting the catch 
were strengthened. State and tribal officials 
try to allocate the catch fairly among Indians, 
commercial fishermen, fod sporthishermen 
To do that, state, federal, and tribal officials 
annlyse data from clams, tagging studies, ind 
previous runs, turning all information over to 
the Pacific Fishery Management Council 
Then the council tries to predict the unpredict- 
able—what next year's nin of salmon will be 

“The science gets to be a nightmare,” said 


David Sanes, assistant fisheries director of 


the Makah Tribal Council, one of the Indian 
tribes entitled to half of each year’s catch. 

“We are the first in line for any salmon 
returning to Puget Sound,’ Sones told me, 
“and we bave todeal with 19 othertribes anda 
rantlet of management zones. Our own fisher- 
men complain that we don't let them fish 
enough," he sighed. “Other tribes are always 
threatening to take us to court. It's hard to let 
the salmon go by," 

Although the allocation system has been in 
effect for more than [5 years, the feelings still 
run-strong. 

“The Indians are taking our rights away,” 
said Scott Watson, a young commercial fisher- 
man | met atthe mouth of the Columbia River. 
“We've got to let the fish go by so they can take 
their 50 percent. We used to fish year-round 
Now it’s two months. [t's maddening.” 

Others accept the allocations. 

“For -a fisherman there’s never enough 
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fish,” declared Jim Suomela, another Colum: 
bin fisherman. “The Indians get Blamed for 
the cutbacks.” His father, who had been on 
share, climbed on board their boat and spoke 
up: “The Indians don't rum the rins,” he 
looking across the wide river, where it 
Was rainy and sunnyat the same time. “They 
don'teven fish-around here.” 


AR UPSTREAM | met Yakima Inclian 
chief Levi George. His long hair 
was brairlec, tied with leather 
straps. Before the dams came, he 
uscd to trace beside the river on 
peal back, chasing salmon al spawning time, 

“We have a gentleman's agreement with 
the white man now,” he explained. *We 
won't fish below Bonneville Dam, and he 
won't fish above it. [don't think it’s fair, but 
we cdo it. We all have to work together now. If 
we could bring the salmon back like before, 
the people would be happy.’ 

That was it. All along the river and all 
around the Pacific Rim, it was the same. From 


Japan to Kamchatka, from Alaska to Califor- 


nin, people felt better if they were catching 
salmon or al least if thev hada fair chonce of 
catching salmon. Aiter all these years the fish 
was still a partof their lives: It was thetr her 

tage, a symbal of plenty, of community, of a 
healthy environment, of hope for the future. 
As long as the salmon kept coming, you had 
the feeling that life would be all right 
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[rans crown jewels: 
another world 


Emertild sean girdle this colossal globe, 
nipped byscone. 51 O00 gems, including 
rubies, sapphires, and diamonds. The 18-inch 
gol spfuere bears tredsures wrested fromm 
India’s Great Mogul by Persian compueror 
Nadir Shah in P7739. The globe become 
part of the crawn-jewel! collection 

first displayed publicly in 1960 at the 


Wotonal honk tn Teheran, 








Healt i} all “ambition amercicds wind Lo are Hits Efi Hy market, despite rigid 


wcurity at the state-controlled Kogem mine, where workers remove debris from 


rough emeralds and sort them. In [888 the Aambian government banned thu 





export of rough stones, intending te cut and sell its own finished emeralds. Filling 


demand for tonciut stock, smugglers buy from independent Zambian miners and 


sell to Swiss deaiers, to whont [sreeltanid Indian buvers beat a pati. 
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Blosts of neighbors’ dynamite echo around [sland (Aabarzad)in the Red Ses 
workers 40) feet deep in Broacil’s Santa Tere: Emeralds are asually considered more Valu- 


sinha emercid mine (opposite), where 200 than diamonds, and second only to 
claim owners have sunk shasts in a chaotic, rubies. To appreciate how concentrated thi: 
dingerous operation. A grimy wildcat pros portable wealth is nsicder attempting. t 
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In this seething pit, the pendulum of violence swings at will among thousands of 


ruaqueros, treasure hunters secking the emeralds of Muro, source of the world's 


biggest ond best for perhaps a thousand years. Atop the slope at the government 
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apreeable —because nothing greens greener,” 
To some; diamonds and the peaple who buy 
them, sell them, and wear them are boring. As 
a provocative bumper sticker belonging to 
hard-charging Dallas dealer Rav Zajicek puts 
it: “Hf she won't live forever, why give her 
a diamand:” 

A vibrant green emerald from the Muro 
mine in Colombia is considered the stone 
against which all others: are judged, the emer- 
ald that determines what color an emerald 
should be. “But with emeralds there are 
thousanls of gorgeous color combinations,” 
explains New York dealer Maurice Shire. 
“People buy what appeals to them.” 

But what exactly is an emerald? The ques- 
tion 4% the basis of one of the most intriguing 
and controversial arguments in gemology, 
During the thousands of years before modern 
chemical analysis, almost any attractive green 
stone was Called an emerald. 

In the mid-19th century, mineralogists 
decided that an emerald wazany bervl colored 
by chromium (less than one percent) and green 
encugh to be valuable. This definition, strict 
on chemistry but loose on color, served for a 
century, until a 1963 Brazilian find at Salin- 
inha of rich green bervis colored by vanacium. 

At first the gem world refused to recognize 
these crystals as emeralds. Jules Sauer, a well- 
known Brazilian dealer, fought the rejection 
and submitted stones to the Gemolocical Insti- 
tute of America (GIA) for analysis. The GIA 
certified the stones as emeralds, but some 
Colombian emerald dealers and European 
gemologists rebelled. Later, several new Afri- 
can mines were discovered that also produce 
vonadium—-colored gems, and those stones 
were generally accepted as emeralcs 

But how:green must a beryl be before it is 
called an emerald? Even the GLA has trouble 
with this one because stone colors span a spec: 
trum from pale yellow-green to lush bluish 
green, depending on their chemistry. Richard 
Liddicoat, the GLA'’s chairman, says, “Every- 
one except some Europeans has agreed:on the 
chromium-vanadium issue. We say if a beryl 
has emerald color, it's an emerald.” That 
works almost all the time —butnot with green 
bery!, a variety colored by iron, “Green ber- 
yls," says Liddicoat, “should really not be 
called emeralds, even though they're deep 
enough green to be emeralds.” 

Other beryls are goshenite, a colorlessstone; 
pale green beryl; which is often heated to 
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produce aquamarine; aquamarine itself; 
golden beryl, aptly called heliodor; pink mor- 
ganite; and red beryl, which is being marketed 
as American Red Emerald, 


ELCOME to the most comfort- 
able emerald mine in the 
| world,” John Chatham ex- 

claimed as he opened the door to 
his laboratory north of San 
Francisco International Airport. 
“Wou're the first person from outside the com- 
pany who's ever been in here.” In his labora- 
tory Carroll Chatham, John's father, 
produced his firstsynthetic emerald in 1935. A 
synthetic gem isdefined.as a laboratory-grown 
crystal with the same chemical composition as 
its natural counterpart. An important and 
expanding public market enthusiastically con- 
siders 200-dollars-a-caral synthetics a bargain 
compared with the 2,000 dollars a carat for a 
comparably colored natural emerald. 

Carroll Chatham's sons now operate the 
world's. largest gem-synthesis company, 
crowing emerald, ruby, and sapphire crystals, 
Tom is president anc in charge of marketing, 
“Even though we get only a 10 percent yield 
when the rough is cat, we still account for 
about half the 40-million-iollar global syn- 
thetic emerald business,” be told me. 

John manages the production furnaces, 
where more than a million carats of emeralds 
are “grown” annually, He heats lithium mo- 
lybdate to temperatures around 1800°F in 
his washing-machine-sizge crucibles, To this 
“mother liquor” he adds beryllium oxide, alu- 
minum oxide, silica, and chromium to cdupli- 
cate nature's proportions. John, sweating 
over his artificial inferno, explained, “Lots of 
people have tried this, but few haveever made 
gem emeralds. Luse the right mix, put in aseed 
crystal from a former run, ant walt a year to 
see what comes out.” When the earthquake 
hit San Francisco Inst fall, the electricity 
was off for 36 hours, long enough to cause a 
million-dollar loss, 

In addition to the fine crystals grown by 
Biron International in Australia are synthetics 
from Japan and the Soviet Union. A small but 
vocal segment of the trade objects to synthetics 
being called emeralds, butthe public and most 
dealers accept them as legitimate. 

Qin the other hand, I have examined ald 
jewelry in famous collections that includes 
Egyptian stones, very few of which could be 
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“Tf ateeped in verdant 
ol. ... [ts deepened hues 
with perfect luster shine.” 
Thus did an | ith-century 
pect describe a process 
much refined foiday to 
imiprowe con emmercid’s 
Op peri nice — temporarily. 
Emeralds are the crvstal- 
line anstocrats of the bervi 
fii, minercis composed 
of beryllium aluminum 
Silicate. Yet virtually every 
emerdiad bears natural 
inclusions, often comidered 
distinctive, though unde- 
strable if too numerous. [Lf 
the flaws reach a finished 
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oon be masked with oil, 
Ato fopote laboratory i 
technician dries a whole- 
ailers Colombian enteralids 
after cleaning. The stones 
ire then soaked in ao heoted 
olilsuch as cedarwood ar 
palm, which is driven even 
farther into their cracks in 
a pressure chamber, fron 
which one customer's order 
I removed (left).A28- 
coratexample (for left) 
shows improvement 
fabore). But within a year 
er two the oil evaporates 
Or eceps out. Ching can 
purtie ond dismay emerald 
oMWniers. 





cold today as emeralds. Peter C_ Keller at the 
Los Angeles County Museum of Natural His- 
tory thinks most such stones should accurately 
be classified as green beryl, Usually pale, 
translucent to opaque, and mixed heavily with 
cloudy minerals, green beryl looks nothing like 
the deep green, nearly. transparent true emer- 
alds we see today. Nevertheless, until Cleapa- 
tras Mines played out, those shafts into 
Eevpt's desert walls provided the world with 
its only known source of emeralds, Later the 
Romans worked the Habachtal recion of Aus: 
ria, and some antique material apparently 
came from what isnow the Soviet Union, [had 
numerous jewelry examples from 200 B.c. to 
A.D. 600 analvzed by Robert Kane and John 
Koivula of the GIA and Roger Harding at 
London's Natural History Museum 
the beryls have been identified as almost cer- 
tainly originating at Cleopatra's Mines 
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HE WORLD OF EMERALDS changed 
forever when the Spanish arrived! in 
South America in the early. 1500s 
Although they origimally plundered 
gold and silver, the conquistadores 
had alsosecn emeralds in Mexico and 
went looking for theirsource. By the ime they 
fought their way through Colombia's moun 
tains to the area around Chivor in 1547, they 
had looted more than 7,000 emeralds from 
local Tnetians 
And the real prizé was still to come. The 
spanish had heard of amine with even larger, 
finercrystals. Muzo was its moegical name, and 
even today Muzo is unlike any other mine in 
the world. For perhaps a thousand years it has 
consistently produced the biggest and best 
emeralds ever found. Muzo lay hidden from 
the conquistacores until 1558. Butonceincon 
trol, the Spaniards enslaved the Indians to 
mine emeralds on a grand scale. 
At first diamondoving Europeans tanored 
the New World gems, However, royal person- 





ares of India, Persia, the Ottoman Empire, 
and Egypt soon sported erren crystals as hig 
as fists. Colombian emeralds were carved, 
engraved, domed, and sculptured into boxes 
Thousands of those emeralds, as large as 300 
carats each, were carted off by Persia's Nadlir 
Shah in 1739 after his sack of Delhi. They and 
several enormous diamonds became the glit- 
tering seedbed of the crown jewels of Iran 
The emerald drain from New World to Old 
is still going on. Now, however, Colombia 
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loses ts emeraldsto smugeling. The best guess 
is that half a bilion dollars’ worth of emeralds 
is mined cach vear in Colombia. Félix Rueda, 
the chief mining engineer at ECOMINAS, which 
oversecs (olombia’s mining Industries, says, 
“Our ministry estimates 60 percent of Colom- 
nia semeralcds are exported legally, We think 
most of those go to the U.S, The real illegal 
prec uction sat Coscuez, another major mine. 
But even when the production is lewal, the ex- 
portation islargely illegal. What can vou da?" 

Texas trader Ray Aajicek, who buys emer- 
ads in Bogota, says Coscuez “has to be the 
most dangerous place on earth. T 
soles a vear there, which only total about 
S360,000, while the mine produces maybe 180 
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Bogota, emerald city; Wizards of street- 
smarts gather at a tense crossroads, 
where owners offer white envelopes of 
emeralds fo s¥irming comisionisios, 
soles agents who then seek buyers wiit- 
ing in mecarby biutlidines. In three weeks 
of such transactions in Bogotd, gem 
dealers Roy and Sheila Falwo “ajicek 
fubove) invested a six-figure sum. “An 
arent might ask $1,000) for a stone,” 
soys Roy, “{ might counter with $50," 
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Exceedingly rare, a pre- 
Columbion emerald 
forms the body of a fan- 
ciful gold beast fowned 

in Ponama. Spaniards 
looted thousands of 
emeralds from [nclians. 
Hernin Cortés returned 
from Mexico tn 1528 
with o suite of carved 
emeriids for his bride. 
Legend holds that they 
were coveted by Isabella, 
Spain's regent and wife 
of Charles V, and Cor- 
tess stock in court plum- 
meted when he refused 
to give them up. He loter 
lost them in a shipwreck. 
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million dollars of emeralds every vear.” Ex- 
cept for privately owned Chivor, Colombian 
mines operate on five- or ten-year leases, pay- 
ing-a paltry million dollars in fees annually 

In 1988 Colombia's government figures 
showed just 11.5 million dollars in legal 
exports to the U.S, During the same year 42 
million dollars of Colombian emerald imports 
were declared at U.5, Customs tn Miami 
Alone. But perhaps another 200 milion doliars 
in emeralds arrived unannounced. 








IOLENCE OVER EMERALDS begun 
by the conquistadores in Colombia 
has never stopped. I had to postpone 
my first visit there last year. Two 
weeks before 1 was to arrive, my hast, 
one of the three principals al Muzo, 
was gunned down at his ranch, along with 
17 bodyauards. Later, when I resumetl my 
Colombian plans, I was advised that all 
ground transportation is risky. Driving to the 
mine in acar is dangerous because local band - 
des know passengers carry cash to buy emer- 
als. Driving back to Bogota is dangerous 
because passenmers carry newly purchased 
stones. Either way,atraveler isa prime target 
Once last year the mine organized a 50-jeep 
convey to take in supplies, and even that was 
altacked, with eight workers killed. 

More than a dozen Colombians I inter- 
viewed for this article have since been mur- 
dered, When the Bogota police gave almost a 
month's warning before an arms check in 
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a four-block downtown quadrant near the 
emerald market, they still confiscated over 600 
weupons, [he safest assumption fora vistbor is 
that everyone but you has a gun. All the ceal- 
ers | saw had pistols strapped to their ankles, 
on their belts, In their handbags, in cars, on 
airplanes, and on tables. A visiting group of 
Israeli gem traders was offered « kilogram of 
rough emeralds for six Galil automatic rifles 

After facing all the risks of traveling and 
buying in Colombia, my pals Ray and Sheila 
Falvo Zajicek gotnew inventory safely back to 
their Dallas office only to watch it stolen at 
gunpoint. Unaware that two robbers had been 
hiding in thetr attic overnight, Ray left the 
room briefly. He returned to see his wife flee- 
ing from two armed and ski-masked Bandits 
whoa had dropped through the ceiling, Scream- 
ing, Sheila dived under a desk. Kav raced 
across the street to call for help. One thief stood 
yuared over Sheila while the other grabbed a 
pair of emerald-filled boxes from the safe 
Before police could armve, the gunmen 
jumped out the window and got away 

On a drive down the narrow unpaved 
mountain road from Chivor (considered the 
only safe emerald mine to visit by car), frantic 
braking was all that kept some friends and me 
from Slamming into a roadblock of boulders. 
Before we could start backing up into the 
dark, someone in the woods started firing. 
With headlights extinguished, we reversed 
around one curve unhurt and were just about 
to run for it when a truck came along with 
enough people to scare away our attackers. 
We assumed what we had been through was a 
simple robbery attempt, but in Colombia one 
never knows. 

For safety 's sake | had opted to commute to 
Muzo by helicopter. There, during an carly 
breakfast withl2 workers, | counted 11 pistols 
either bolstered or stuck into belts. | assumed 
the one unarmed man just wasn't fully dressed 
yet. Chatting over eges and bacon with Muzo 
manager Neidel Triana about the loca) vio- 
lence, I learned that six vears ago when the 
government banned beer and wime sales in the 
mine areas, the fighting and killing dropped 
off immeciately. “Hut the workers and emer- 
ald sellers objected, so we let it back tm, and 
the violence Mared," Triana éaic. “Actually, 
theugh, it's not so bad now. We're down to 
only onc or two killings a day.” 

From the air Muzo, located about 65 miles 
north of Bogota, looks like a iiant opn-pit 
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Kmeralds from antiquity 


“So soothing... is the mellow green color,” wrote Pliny 
the Elder of smoragdus, a group of stones including 
Amerie, which proce 
third-century AD, 7 
Komin earrings \ = | 
(below). A. Byron- gles } | ee ral FMM 
tine pendant bears ; 
emeroulds, pearls, 

and an agate. The stone adorning a first-century B.C 
Eevetian double ring wos assumed to be an emerald 


wnttl a recent test identified it as green beryl. 


The world 
of emeralds 


Perhaps a billion dollars’ 
worth of emeralds comes 
half from Colombia. Aam- 
bia mines 20 percent and 
Brazil 15 percent, followed 
by Zimbabwe and Paki- 
stan, a new entry. Smaller 
Madagascar, Tanzania, 
and the Soviet Union. 


coal mine, aseries of raw cuts across the face of 
a promontory defined by the confluence oftwo 
mountain streams and a small river. Slick, 
powdery black shale covers everything and 
everyone, After a few minutes of digging, a 
miner is only recognizable as human by his 
white eyes and teeth. | 

Colombians maintain that emeralds belong 
to any Colombian who can mine them. The 
mining companies {Tecminas holds the princi- 
pal Muzo lease) get ten-year leases from the 
government, butthousands of poor and armed 
guagueros (treasure hunters) beheve the leases 
are neither deserved nor valid. At Muzo the 
bulk of mining is done on the surface with bull- 
dogers that uncover the large, obvinus emer- 
alds but miss the majority. Such short leases 
foster a frenzy to grab the easy stones and run. 

So much shale is scraped from the mountain 
that the floor of the valley has been raised 100 
feet in the last 50 years by emerald-bearing 
shale tailings 

Emeralds at Muze are found.in hycdrother- 
mal veins of calcite buried within black shale, 
In order to foster employee honesty and enthu- 
siasm, Tecminas practices a unique social 
program with its 250 workers—a system of 
pickups, in which each man is rewarded with 
one day a month at the face, the area actively 
being mined. Asadozer blade exposes emerald 
crystals, the whole crew races to the wall ina 
mad scramble to grab gemstones. After the 
free-for-all the mine representative, usually a 
member of one of the three families that con- 
trol Muzo, keeps the biggest and best for the 
owners, ltaving the rest as a goodwill bonus 
for the workers. 
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Fy Area of erajor 
eornite cial mining 


N BRAZIL violence is mainly the result of 
an Gcondmy that has suffered from 
inflation as high as 3 percent a day 
Jewels area better form of loot than 
cash. A voung gem dealer 1 know 

. was walking between two fancy jew- 
clry shops near Copacabana beach in Rio de 
Janeiro when four uniformed policemen in a 
mainly marked police vehicle pulled up beside 
him, forced him tnte the car, and robbed him 
of $3,000 in emeralds and the 3300 in travel- 
ers checks I had just given him. They permit- 
ted him to keep his tourmaline pendant, after 
he explained that it had been a present from 
his mother, 

The victim said, “I grew up on this street, 
but now it has gone mad. Last night saw the 
fewest number of Rio murders this year. They 
total in the thousands, Don't ever let anyone 
know you're carrying stones.” 

By contrast, in Gotis state, on the main 
etreet corner of the town of Santa ‘Teresinha, 
near the country’s largest mine, a daily open- 


‘air market has thousands of carats spread on 


tablesas local middlemen sell to Brazilian and 
international buyers: When L.expressed sur- 
prise at the lack of security, Daniel Sauer, an 
heir to the Amsterdam Sauer chain of gem 
stores, reassured me. “Really, lawlessness 
and guns are unusual here," he said. “When 
we strike a deal, unlike in Colombia we buvers 
take the goods, then have a week to pay. It 
probably keeps us from being robbed or killed 
to have possession of the goods here in a vault 
or-safely in Rio anc still owe the sellers.” 

A Brazilian can get a gorimperro (prospec- 
tor) card and stake a amall mining claim, 
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a Acnmaof miner or farmer 
commercial miming 





A mythical source of emercios in Indie led te the teem “Old Mine” for gleaming jewels 


such is these fobulows beads in_Jaipur. Author Fred Ward determined that the stones 
are actually Colombian. Indians excel at corving emeralds, such as a ring (below) in- 


scribed 1 Persian with the mome of on Bost India enn pany officiel ane the your I7o? 
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WOrh (Carolina has this countm’s onk 
emerald mings, Near Middentte, 4 berureh 
two-hour drive north of Charlotte, at least on 
arm has been turned! intoa [HAY =" lig Louris! 


attraction. Mine owner Mike Watkins savs the 


loca) onerators aiew vears geo beran hiving 
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heap emeratd chips from (Colombia and Hra- 
mil to sprinkle around the place so their tourist 
ustomers would be sure of finding something 
Talk about the tail wagging the dog! The 
practice became so popular that Mike too now 
rt with inexpensive ton 
val, and even some scrap 
emerids. Fle offers tourists a choice of etthe 
“have” oof “enriched” dirt. Most, say: 
Vike, choose the enriched MmicTming to nnd 
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He APPEAT IF ERR RALDS bt DITO! 
UNnIWVErSA AS Hans Stem &é Colin it 
m his Ipanema office,“ Rmeralets are 
OUr Dpre-s0l fem. We might have to 
convince «a client that she wants a 
a A - ri 
curmaline Opal Hutan emernid 


customer comes in ready to make o purchase 


i bj 2 : 4 - | 1 "| 
lules Sauer, Stern’: archrival across town, 
avs that, like other gem meralcis sre “7 
Onelime nares id account for more than 


alt ts sale 

Eimeraid deatineg attracts adventurers and 

& takers whe like to hve on the édge and go 
Of the tleal. Al hiesnen jeweler calls them thi 
teal, but they do roam the world Jooking for 
treasure, come bome. put on @ Suit, anel bo to 
Lemea ie FESpect ible, Atter watching omy JEL 
cek at workin Colombia, India, Pakistan, an 
[erael, sensed the instinct of the breed, Ray 
tight De thi Pe OLOCES low fn the hall tre me, 
but a soon as packet of emeralds anppenre 
POT frie Lo examin he wetted instantly matert- 


Ray has uncanny recall of the carat weight, 


ize to ines out an opening offer to the ownet 
olor, Inchisiens, and price he bid on stones. he 
aw onivyonce in Bogota five years age 

Emeralds travel the world on what om ym 
nur hast Rashmikant Durlabhy calls a mee 
Cer TH Most emeéralis move off the r ‘Ord, 
intaxed, unseen, buried in a world market 
that the trade calls black. Altmerst everv high 
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Padia's gem-curhing tradition fives om os 
students in fatpur learn the art with 
hond-powered abraston wheels, Tin 
emerdcid chips with 25 facets (above) 
will adorn watches and other jewelry 

At an [srackli factory ao rough emerile 
(bottom) is preformed by sawing away 
undestrable portions. Another Israeli 
fori uses cnipiter-fovermned robot to 


plot a crvstals outline and determine the 
best wow to cut oc shope—here, a heart 


















Playthings 
Of potentates 


An exquisite emerald-ond-diamond 
box resides with the crown jewels of 
fron (left). In 1747 tts coher wes sen 
a gift by Turkeys sulton—an emerald- 
studded dagger with an emerald- 
lidded watch in the handle—but he 
died before tt arrived. Sultans also 
fancied such trinkets as an emeraid 
sniuffbox and a gold writing box piit- 


tering with emeralds and rubies. 
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Srazil’s third largest dealer, after Stern and 
Sauer, Forseveral years the Zambian gover: 
ment has been in a partnership with.an Israeli 
Indian syndicate Lo operate Kagem, Zambia's 
larfest emerald mine. But in 1988 Zambia's 
president effectively voided the contract by 
announcing a ban on all rough-stone exports, 
and the country entered into an agreement 
With Rochiti to cutand polish all emeralds from 
Kagem, along with the entire output from 
the independent mines. Roditi's company 
brought 50 Brazilian cutters tao “ambin 

with an entire factory and promised to 

tran hundreds of cutters, Koditi is try 

Ing to mun both the factory and his Swiss 
inarketing company, established to sell 
Zambia's ems lone 


TER THE SMUGGLER, As we stood 
logether in Kagem’s ankle-deep 
mud, Rediti confided, “A torrent of 
emeralds is. being smugeled from 
Zambia, | estimate that the country 

| cut 33,000 carats in 1989, worth 22 

million dollars, The government cutting fac- 

tory is supposed to get all t 

duction. Despite the ban on the export of 

emerald rough, smuggling continues to be a 

persistent problem.” 

Even with more workers and equipment, 
Ragem reported a production decline in ull 
emerald grades {orone year fom 2,285 pounds 
to |] S893. Just across the river from Kagem, 
Independent miners move tons of cit from 





i country ¢ pro- 


pits, all the time reporting, “No emeralds 
yet,” Playing the game legally often means 
selling to the government at a nonnegotiable 
price, waiting to be paticl, ancl then getting 80 
percent of the funds in kwacha, Zambia's cur- 
rency, Which has littl value elsewhere 

The condurtt for the incependéent miner is 
just a footstep away, in the muse of friendly 
Weet Adticans, usuolly Senegalese, offering 
world prices in hard currency on the spot. 
Chey walk ten miles unhindered from Zam- 
has mines dcress the nearby “aire border, 
vtre they consolidate parcels from other 
smugglers, Then one or two of them fly to 





YA 


Geneva to sell their goods. This Africa-to 
switzerland connection is currently the most 
Important one on the magic carpet, a global 
black market m rough emeralds 

Estimates ot 
since the ban are as high as 50 percent of pro- 
duction. Francis Kaunda, head of Zambia's 


Zambian rough smuggled 


biG 











Adoyin the fife of 4ombian emerald miners 
wields on onmiful of erevstais destined for a 
Zoumbian cutting factory operuted by Rrozil- 
fons, where ao technicoon trains students. ine 
cut fems are morketed by Swiss dealers, who 
aise do a brisk business in 4umbian rough 


emeralds smuggicd primarily by Senegalese 
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Vhat is an emerat 


A beryl colored green by the presence of 
chromiom wee long held to be an emer- 
ak! But in 1969 bervis preened by vono- 
dim were found in Breacil, and totter in 
Africa. After much debate such stones 
ore now rencrally oocepted os emeralds, 
thaugh they defy simple testing, (hie 
array above was photographed with a 
Chelsea filter, which mokes emeralds 
with chromium appear red. Beryls that 
reflect no trace of red are usually emer- 
dlds colored by woonetcdisum, 

The test also holds true for synthetic 
emerdlcds. ‘The forge red cluster were 
mode in the U.S. by Chatham Created 











(ems. The firm uses a furnace to meli 
lithiwen molybdate tate a “nicetives 
hawuor, then dds berylliom oxide, 
tlumitiom wide, silica, chromium 
ind seed crystul After growing fim 
ayeor at 800 PF, 3,000 carats of 
Chitham emeralds cool (left), 

Hoth mofiurol ane evnthetic ener- 
ids contain distinctwe inclusions 
One in on Australian moan-mode 
stone resembles a nal head (abowe) 
Natural Colombian stones often bear 
da three-phase inclusion of water with 
dr bebe ond a salt eryvetal (top) 

Onkb from Colombin come tropiche 
emeralds (facing page), notmed for the 
Spanish word for a cogwhee! used to 
grind sugarcane. The owner of this 


rem romeod it Stor of the Andes 


employs some 300 cutters in Jaipur, and his 
father, in Bombay, may be the world’s largest 
dealers in terms of volume, and perhaps in 
Value too. 

No place except India could or would make 
the packet of emeralds Suresh spread in my 
hand, losing some under my fingernails. Each 
tiny stone had 25 facets, and tt would take 230 
of them to weigh one caral (A U.S. copper 
penny, by comparison, weighs 12.5 corats, 
and « quarter weighs 28,35 carats.) Micro- 
scopic faceted material is often used to deco- 
rate expensive watch faces. 


haf) EE Lb AEPUOLICA 
Too glorious to be cut, a 1,759-carat crystal 
from Colombia‘’s Coscuet mine is one of 
five gionts safeguarded by the national bunk 
in Bogetd that operated Coscwer and 
Muro between 1946 and 1968, 


"India buys rough that no one else can pro- 
cess," Suresh explaing, “We even cut what 
other countries discard. In fact dealers here 
have standing orders with Israeli factories to 
buy their scrap, which we turn into tiny emer- 
ald beads that we sell for 20 cents a carat.” 

This notion of India.as an emerald dumping 
ground greatly disturbs Rashmikant Dur- 
labbji, an elegant sixth-generation Jaipur gem 
dealer. In his upstairs office in the heart of the 


ed 





city's historic gem district, Rashmi recalled 
India’s traditional role. 

“For centuries all the great ¢meralds of the 
world were cut here,” he told me. “Uf India 
didn’t exist, then the top stones would cost 
twice as much because we pick up the slack in 
every country, buying the cheap goods that let 
producers hold down their costs. Everybody 
benefits. If a U.S. bank runs a promotion 
giving away five- to ten-dollars-a-carat real 
faceted emeralds, there's only one place m the 
world to get them—Incia.~ 

So many fabulous emeralds have flowed 
through India in the past that lore and reality 
mingle, India's style and skill with emeralds 
either provided the actual material or the 
inspiration for the unprecedented collections 
that followed in Persia and Turkey, With so 
much secrecy surrounding gems and a liberal 
dose of chauvinism, the fanciful story grew 
that the emeralds India cut, consumed, anc 
marketed actually originated in India (or a 
nearby source), The term “Old Mine” crept 
into Inclian literature to describe these ancient 
and almost always “perfect” stones. There is 
hardly an Indian who does not firmly believe 
that the fine; deep green, clear emeralds m 
museums and private collections throughout 
India are Old Mine. 

| borrowed a set of emeralds that well- 
respected, experienced Jaipur dealers agreed 
were Old Mine and asked the GIA in Santa 
Monica, California, toicdentify their source for 
me. As 1] expected from looking at the stones, 
none was, infact, Old Mine. Legends notwith- 
standing, the great priceless Indian-cut emer- 
alds in important collections arrived after 
the Spanish conquered South America and are 
actually Colombian 





IMBARWE is the fourth largest emer- 
ald producer, atter Colombia, #am- 
bia, and Hrazil. The country 
probably mines five to six million 
dollars of emeralds annually, but 
once again most are smuggled out 

Traditionally the high-end emerald rough 
went to Israel, and the cheaper goods were 
sold to India. “The situation is more compli- 
cated now,” said John Williams; chief mining 
engineer with Rio Tinto, the British conglom- 
erate that owns Sandawana, Zimbabwe's 
largestemerald mine, Accompanied by Abdon 
Neuhbe, the socialist government's overseer of 
gem sales, we drove 200 miles between Horare 


National Geographic, July 1900 





and the mine because an annual meteorologi- 
cal condition ¢ alle “dl guti put us into 100 percent 
humidity with enough mosture hanging in the 
air to make flying impossible 
Williams described Sandawana as “proba- 
biy the world's most efficient and most expen- 
do mine. It's all undercround [like 
santa Teresinha in Brazil, but deeper, dawn 
and it complies with Western 
safety Standard. We don't miss much, and 
What Wwe mime 15 intense ereen—butsmall. Our 
if only emht points, 
carat.” 
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average finished stone 
eight-hundrecths of a 

Sandawana is the 
[ saw anywhere in the world, 
cacantl, But as Dr 
is not our problem. Zimbabwe has 27 emer- 
ald mines, and only two regularly report find- 
Ing any emeralds. Two weeks ago | pate an 
unannounced visit to. a mine that had never 
reported a find, and what do you know? That 
very day they had cise overed their first emer 
alds! Soon the stones showed up at.our office, 
and we sold them for 16,000 Zimbabwe dollars 
17 0K) 1) dollars |” 


MERALD SMUGGLING Thty stem tTiV- 
) ial to foreigners, but it iS a serious, 


deuarlly, and highs prottable His 


best Fun emermld mane 





with no close 


Weoube said, “Sancdawana 








ness. The #imbabwe: government 
ses about three milhon dellars a 
‘ Year because it claims it can't police 
27 mine sites. In fact smuggling is possible only 
because 40 many officials there, 
countries, are bribed to look the other way, On 
our drive to Sandawana we made 
pected stops atimines. [n every case crews and 
bulldovers were in evidence, a5 were enor 
anc expensive holes. Niners told us 
looks of perfect innocence, that the 
not produced o single emerald in 
if ewer 


BS In othe 


SOME UnNnexX- 


mous 
with 
mine had 
Wears 
Ncube told 
[we 
it seems a few YEAS bac! Ka Sene- 


ver lunch at Sandawana, Dr 


Mme the TAT horrifving nw uteling Slory 
ever heard, 
gnlese family brought a dead child to the air- 
port for shipping home. The 
the same family was back with another 
baby. Next-vear they came again, with yet an- 
other dead chilel, Suspicious at last, authori- 
ties examined the small corpse ancl diac overec 
it was Hlled with enieralds 

Other deceptions m the emeriic biueuHess in 
clude trentment and imitations, Let the buyer 
bewnre. Eroeralds are the only gems accepted 
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“A phenomenal gree,” 


with enough mclusions, internal 
tions, to make a diamond unsalable 
reason is simple—very few natural emeralds 
come Without them. A colorless beryl is often 
me there i a Trelaton 
ship between the green in emeralds and the 


Tn ie Phe 
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flawhess- hut itseems to 


prowth stresses that cawse inclusions 
In two important ways such inclusions are a 
blessing. Most useful to a gemologist, bymical 
emerald inclusions are the first indication that 
the stone © natural,:and the actual mine site 
Can often be determined by these distinctive 
“ftingerprints. We were 


able to trace the 


actress Elizabeth 


Taylor teld the author, explaining fuer 
lowe for emerdids, Her ensemble 
includes a diamend-ind-emerald neck- 
lice, eerrings, bracelet, anal rinses, 


onuins Of alleged Old Noine material from 
India by identifying jagged eclged three-phase 
Inclusions (microscopic pocl kets contain ing rE 
liquid, gas, and solid) in every stone that are 
unique to olombtia 

Qiling 1% a controversini practice to mask 
in these high-tech times 
Limost all types of gems recerve some kind of 
treatment ser holes are dinilled 
in diamonds to burn internal debris 


emerald inclusions 


infinitesimal la 
ata 
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“envisioned a women coming out of the ocean wearing only this belt,” 
saves New York designer Ralph Esmerian. With oa 113-corat cabochon 
emerald as the centerpiece, the belt includes gold, diamonds, and ruby 
ard emerald beads, Houston destener Ronald Winston Hartgrove 


created earrings of trupiche emeralds, block onyx, and diomonids. 





Rubies and sapphires are nes 
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Short lived LTreainent 


Lapent a day inside an emerald treatment 


Knee-decp in a wastewater pit, ad Brariivan 
Worker ner Debio endures primitive 
comitthions as he sifis gravel for emeralds 
browell up from @ nearoy 40-foot sfiunft. 
His enplover paid more thin $20,000 for 

d lease to work this mine, newest in the 
notion. Demand rides hich, ond the digging 
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tons Hrecucts Are mare of entirely 
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0a carat. When tested, it was 
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the unwary, and the mis 


hard, green, 


covery tor? 
frech- colored 
sells cul and 
All tea atten 


informed have cde 


lakers 
sc rites] opin 
Sniny materials as emerads 


Treen Imitations solcl as nexpensive emer 
gicl substitutes 


rite : 
represented ancl priced 


have a role, a long as they are 


i Tins : 
as takes. Hutin some al 


the world SMmoSsi ti LTS I Sei spd sates Mm 


curators howed me green hee chaleedony 


and fluorite, all with emerald labels. Profes- 
sons are fonted slong with the publi 


' O GREATER CONTRASTS exist in Fem 
than are apparent with emeralds, 
LWStrous green we crystals grace the 
rroomed regal necks, 
and fingers of grancle 


Asia, and : 


emeralds originate in 


wrists CTS. 





lames Of Paro pe ane 
Hol hy wood, And vel 

ome of the miserable places on the 
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Article and photographs by 
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Footholds for new life, sea- 
mounts have been rising from 
the Pacific for at least 70 
million years, Like a tectonic 
conveyor belt, the Pucific 
plote first crept nortinwaord 
overastotionary volcanic 
hot spot, giving rise to the 
Emperor Seamounts, now 
eroded beneath the woves. Some 
43 million years ago the plate 
took a northwest turn, creating 
a bend where new wphedvals 
began the Howeritan Ridge. 
Major islands now range from 
Kawai, 5.1 milion years old, bo 
the inland of Hawaii, less thon 
one million pears. 


Nationa Geographic, July [OOD 





ELE, HAWAILAN GODDESS af yoltanoes, «now 
bttle respect for terrain, and surely none at 
all for mere mortals and their traffic signs 
below left), For the past seven years Layee 

omLone of Pele's 

ol 


can on tne Bier island of (Pawar. Some : sgeibsetlastatetia 





has fie Le c spor aclica 
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Lf Fone 


HI 
nist artive oullets. the enet rif 
have been overrun, repeatedly in the case of Royal 
rardens (leit). Aithough no lives-have been lost, 
more than a hundred dwellings have collapsed and 
burned, while others, built on 2mall elevations 
remain untouched. Automobiles that mieght hav 
been moved early to escape the lava lle rie Na, 
charred hulks for future archaeologists to ponder 

Vetsuch u utter devastation i deceiving: While Pele 
avs waste to existing life with one band, she also 
presents a clean Slate where other life can take ho 








4 
tt 


evolve, and: write new chapters for hinlogy i brie the 
past decade my wile, Cutherine, and have seen 
pieces of this miraculous process on the Big Istand 


antl Maui. amid cinder hele. hideclen vollevs, and 





alpine stone ¢ s. We almost alwave have worked 
above 4,000 feet, ascending into such habitats as rain 
forests, since the zones below are dominated by intro- 
duced p 
In this lofty environment we sought Hawaii's 


endemic species, the hardy natives whose nurserics 





ants anc grinds. 


mov be bare lava, packed ash, and crumbling cinde 
cones, This steaming, trembling land, existing in its 
present form for only a moment in geologic time, sup 
ports endemic life-forms that may predate the exoti 
newcomers by a million years or more. Here grow 
LniPenoUs cod and “Oe o-lenwe trees, shrubby 
kre and ‘tele plants, with ‘Opapane honev 
creepers anc “1o— Hawaiian hawks—on the wing 
ind invertebrates such as bixarre spiders, bancecl 
tree snails, and highly evalved pamace flies 

These issands have never been directly influenced 
hy continental landmasses. Whatever life appeared 
In past ares arrived strictly by chance, barne on the 
hugh winds of the jet stream, on the feathers and feet 

{ birds or in ther digestive tracts. Some life possibls 

rode on drifting tree trunks ond mats of vegetation. 
arvaer, and other wander 
lings made their hantiazard land falls 

[ have spent a lifetime attempting to put into 


Works, In writing or in the classroom, my feelings for 
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such tnepiring natural phenomena. Noone has said i 
better than Sir John Arthur I howncon a Scottish 


f 


biologist, who wrote in 1920: “Living creatures pres: 
up agains? all barriers, hey All every possible niche 
all the world over We see lite persistent and 
intrusive—spreading everywhere, insinuating itsell 
adapting itsell, resisting everything, defying every- 
thing, surviving everything!’ 
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IKE THE “LOST WORLD’ of 
Sar Arthur Conan Dovle 
an island of vegetation 


Cilled a fifwed jabavel 





shelters life—here forest- 
tiwelling insects and other inver 
tebrates murooned by Kilauea’ s 
lava. SUMTVINg in stich pockets 
HM high ground, most life here 
Will remain isolated for cen- 
tunes until the surrouncing 





Hawaii's Volcantc Cradle af Life 


lava becnres ri fi rest rel 

When such a forest of “Shi'a 
lehua trees—in the myrtle 
family—is covered br incandes- 
cent cinders, the trees often toyi- 
Me es Lhetr lower trunks ure 
incimerated (lett), In death new 
opportunities for life arise, Pog 
condenses on fallen trunks 
Where Water drips, tewlv ar- 


rived plants grow. Lichens take 


nob on the hard ‘Oho a weed, 
While the tree holes trap spores 
und shelter voung plants as they 
row into the world of light, 
When flowing lavu kills *Ghi'a 
trees, exposed wood burns wt 
Below ground the lava 


furs the trunks to charcoal. 
i | 


once 
which burns showly, lenwing 
Impressions in the suwles of the 
molds (below) immediatel, 
available for the webs of enter 
prising spicers 

After aflow ceases and sub- 
ses, some lava-covered trees 
remain grotesquely erect (below 
lefti, often coollne inte ehosth, 
forests of blackened tubular 


lava trees.” Lava spatter from 
Small suieeguUeHL eruptions 
adorns the tips ef this pair 

An ‘hts tree is tenacious 
of life. Lf one sicle of tts fire- 
ravaged trunk remeins un 
burned, new growths called ac. 
ventivious buds (bottom) sprout 


to belo the tree rehiile itself 





VERY STEP reveals the 
diversity and contrast of 
these life-forms and thetr 
babitats. We walked only 

short distances between totally 

different ecosystems, such a5.a 





forest of muture ‘Ohl'a trees and 
iipu'u tree ferns (opposite) 
adjacent to the nearly barren, 
steaming floor of Kilanen 
Endemic life fills this forest, 
from thornless raspberries to the 
honevicrecpers WHISpe©rneg songs 
in the underbrush 

Phe wonderfully adaptive 
‘Shi'a plants may tower a2 
rain forest trees or mature os 
dwarfed shrubs under desert- 
like concitions. Where loose vol- 
Canic cinders permit rainwater 
















ta percolate instantly out of 
reach, an ‘O$hi's offen produces 
feria 


densation irom toe bai The Water 





roots lhe lew ito catch con 


rlLawall is a showplace of 
adaptive radiation, the evolt- 
tion of many forms from afew 
ancestral types. Loonsider the 
endemic insects, (Colonizere 
arrive by chance, a5 did this 
vividly hued pomace fly (heft 
center), an alien species | [owned 
on the 10.000-foot summit of 
Wawi's Haleakala Crater. Other 
romace fies, arriving over long 
periods of time, have given risa 
io some SOO enckemic species 

Like a hand-painted twig, i 
giant Hawaiian damselfly light 


up the forest (top), Thes 





damselflies apparently sepa- 
rated from their cousins clse- 
where in the world more than 
ten million years ago, initially 
settling on ancient hich istanecds 
that have long since been 
submerged. As new islands 
arose. the damselflies migrated 
along them as if they were 
Ste pping-Siones 

Opportunistic nocturnal 
hunters, Hawaiian long-jiawed 
spidlers (left) range trom rain 
forests to lava fields, where the 
nay hide under voicanic slabs, 


seeking relugce trom the sum 


i i i] | i 
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A violent landscape 
Shelters a world of its own 


SYNTHESIS of Hawiiian evolution ecosystems —S80 of them are endian 
following pages! fuses ] mater Te red ire partraved, including new 
sland’ together in one lancmass and old lava flows, leeward deserts ani 

superimposing flora and fauna upon 4 alpine Stone Geserts, rain foresis and 
PROoMeie COMPOSITE that 3 PATES millions mesic, or moderately watered, forest 


| aI Qf 
al veare of development Ube biend some 70 species of plants and animals 


of ecenes ranges from the Bie lslane a re demicted. almost 
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ire or restricted to extremely 
it uoper left, 350 miles away and 5.1 mil- cot took root in my mind more than a 
lian vears older. Pioneering plants and ecade ago, os | began planning the best 
nimais occupy vounger land at men Means of representing the evortionary 
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WIth mature communities at center and uecess of these island extraordinary 
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forest called Kipahulu 
(below), Careful inspecion 

of the underside af dripping 
caves revealed a host af small 
endemic creatures such a5 a 
tree snail (above right). About 
PO orteinal land mollusk 
colonimers have evolved into 


roughly a thousand species 
Likewise leafhoppers, tnsects 
related to cicadas, have become 
greatly diversified. This species 
above left), one of al least. 6 
may be new to science 
‘A stilt spider bears a spotted 
sbdomen (middle); others of the 
me Shecies, Ofen Sern e&ise 
where in Hawaii, display mark- 


inks resembling a fninnime tace 








Unlike exotic orchids be 
upon visitors, Hawaii's 
three endemic orchid species, 


inclining this one (below), are 


= oe Pe 
iL tt LT ey 


very =mall ane very fare. In 


a Serve. joT- 


Maul's Waikamai I 
Pe SiLer Bot i berly . h i hcl 


ranted the orchicis out to me 


RSO displayed an apr ape, oF 
ginnéera, Plant (right), an 
endemic telative of the milfoil 
family with leaves.as bir as 
beach mmbretia. Despite such 
luxuriance, the soil is thin; be 
neath hes the telaned's lava foun 
lation, Wrikamoi’s ram fores! 
is fragile and needs protection, 
as do all Hawaii's ecosystems. 


! brourhout the islanris some 


$,000.sneries of exotic plants 


have been introduced. Vet 
rndemic Hawaiian life-forms 
usually succeed where invaders 
fail—if we afford the offspring 
of these islands’ original 
colomists that onportunits J 





National Geographic, July L900 








South Florida Water 


aying 
he Price 


Caught wet-handed, a Cape Coral resident 
argues against a $44.50 ticket for watering her 
lawn. A drought that began in 1988 forced 

the Gulf coast city to restrict walter usave. All 
south Florida followed suit this past winter 

as Water supplies reached an all-time low. 

Just outside Everglades National Park, pump 
trucks tap wells to irrigate lomatoes with 
walter thal, some argue, should nourish the 
park. In this rapidly growing stale, where agri- 
culture trails only tourism in profit, managing 
south Florida’s fresh water is hot politics. 


By NICOLE DUPLATA 
Photographs by KEVIN FLEMING 





LORIDA. To many tourists tt is the 

world's premier travel destina- 
tion; 39 million vacationed there 
last year. ‘To retirees it is a wel- 
come mat to sunshine and low 
taxes. To political refugees from 
the Caribbean and Central America it is a 
gateway to freedom. Small wonder that Flor- 
ida has one of the highest growth rates in the 
nation and ranks fourth in population, after 
California, New York, and Texas 

The magnet is south Florida. Roughly 
365 060 newcomers, | 000 aday, come to stay 
each year. They head to the Tampa-Oriando- 
Davtona- Beach corridor and south along each 
coast all the way to Key West. Each of these 
new residents uses 200 gallons of fresh water a 
day, meaning 200,000 more gallons must be 
found daily to mitet their needs 

The visitor sees Water everywhere in abun- 
dance: in endless miles of canals; majestic 
cypress swamps, shimmering lakes: The key 
elements of south Florida's vital water system 
wre the Kissimmee River, Lake Okeechobee, 
and the Everglades. Totiay they stand at a 
turning point between environmental viabil- 
ity and possible collapse. 

Few areas in the United States have been so 
intensively drained, diked, developed, ana 
otherwise bent to man’s use; The paradise of 
south Florida is almost totally under the 
Manipulation of man 

Some of the heroic engineering feats that 
have altered the area, however, are becoming 
environinental nightmares. As aresult, canals 
und dikes may be dismantled on an unprece- 
dented scale, and a channelized river is slated 
to be set free, Nature adds to Floridians’ prob- 
lems: As | write, the worst drought on record 
parches the southern peninsula. 

| know these troubled waters well, For three 
years | worked for the South Florida Water 
Management District (sFwmp), which over- 
sees the water resources of & region twice the 
size of New Jersey. 

The Florida peninsula is a-great flat sponge 
of porous limestone. Pockets in the limestone 
hold a huge volume of groundwater—more 
than in any other eastern state—that wells to 
the surface in lakes, springs, and marshes, 

Until a hundred vears ago south Florida’s 








Favirgnementalix NicoLe Dy FLAX: has written 
NATIONAL GEOGRAPHIC articles on gun otters 
and fleas. Thi is KEVIN FLEMING's ninth photo- 
graphic coverage for the magazine 
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“The whole southern part of 


Florida might as well be an 
island,” wrote naturalist 
Marjory Stoneman Douglas. 
Dependent on rain for 

fresh water, the subtropical 


stretch of the peninsula 


receives a drenching 40 to 65 
inches a year, largely from 
Moy throvueh October, Rut 
this flat, porous limestone 
land fas little surface 
storage capacity, and after 
evaporation, transpiration, 
and runoff ony a fifth of 
the noiweober memoirs fo 
recharge the underlying 
aquifers and shallow lakes, 
Dotted by tree islands, the 
Everglades—“groassy water" 
to tte Indions—once swept 
from the southern banks 
of Lake Okeechobee across 
most of southeast Florida. 
Cypress and mangrove for- 
ests dominated the south- 
west. To drain the lakeside 
checkerboard of farmiund 
and to allow development fo 
march west off the narrow 
Atlantic Coastal Ridge, natu- 
ral water flow wos harnessed 
by 1,400 miles of izvees 
and conols. “Mother nature 
has been taken owt of a lot 
of the decisions,” says John 
Wodruska, executive director 
ofthe South Florida Woter 
Management District. “For 
better or worse, moan is now 
trying to make them.” 
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High-rise crossroads of Miami reflect 


the region's extraordinary population 


growth. Five million people Nve in 


south Florida, for exceeding what plan: 


ners once anticipated. Daily per capita 
water wee is 200 golions, double the 


notional qverage. 


Cuordian of water quantity and quality, 
the South Florida Woter Mionagemertt 
District—«a 1745-million-dollar-budzet 
state afpency—seeks o mechanical 
equilibrium with 1& punning stations 
long Lake Okeechobee ond its canals 
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“Bie Water,” Lake Okeechobee covers Prime polluters, 45,000 dairy cows north 
7oO square miles but averages onty 12 of Loke Okeechobee produce as much 
feet in depth. Famed for bass, it-vearly row waste doily os a city of 980,000 

people, Steute low naw requires treatment 


goncrates as mitch as 40 million dollars 
from sportishing. [Hs waters irrigate of this phosphorus-laden manure; by 
adjoining formionds ond are @ primary 1992 «@ boy-out plon will hove reduced 
drinking source for local communities, the number of cows by nearly one third. 


Soule Florida Water 
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fresh water circuiated in &@ slow, maestic, 


rain-driven cycle that nurtured an ecasystem 
unique on earth, Starting at a chain of lakes 
weber flowed-south mto the 


through 


south of Orlande 


- i] 
Kissimmee River. Carrying the svstem‘s 


blood, the Kissimmer meandered 
palmetio-studded savannas to Lake Okeecho- 
ee, Which hasan avernge depth of only 12 leet 
10 square miles 


Periodically spilling over the Inke's low 


LUIS 


southern run, the water Spread in as l-frt hie- 
wice sheet, moving south across thi 
of the Everglades 


7 T 1 EE oi ny a ==! 
dav. Named thi river of eTass 


SAW ET Ass 
il Abo! H hundred [BCE A 
' by Florida 
writer Marjory Stoneman Douglas, this great 
sheet of water contributed to the rain machine 
that constantly renewed the cycle 

Rainfill is tenerous—40 to 65 inchesa yea 
FLITE 
fat relief limit= the construction 


But most falls in the sore season 
Because the 
of conventional reservoirs, rain that the land 
Cannel uch absorb is channeled mto the 
sea. Much water is also lost to evaporation 
and transpiration by plants. the dry 


when tourist demands peak, 


Luring 
Winter months 
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wm aguilers, e¢pecially on the 
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HE DISRUPTION of south Florida’: 
after the 
| War, with the appearance oi 
with grandiase 


natural system heran 
as i 


INVEStors 


northern 
dreams. In anenvironmental onslaught, Phil- 
adelphia toolmaker Hamilton Disston ancer- 
Everpiacdes anc connect 


rain the 


a 


fowike ty 


Chkeechohee vis ao boat canal to the Gull coast, 


owerne the lewel of the floocd-prone lake. Pro 
Henry Fiagler built 
brought hotels to the east coast 
With the 
Napoleon Bonaparte Broward, who promised 


A, aa 


network of locks. dams. and hundreds of miles 


§mioter railroads ancl 


rhe LrOVernol! 


CELL Y Caine 


tocrain the Everclades once and for all 


further lowered Lake Okeechober 


The 
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ina snaked Cee into the are 


Te’'s my grandson | worry about,” says Linda 
Valladares, whose weil wos contaminated 

by carcinogens, perhaps from oa leaking lond- 
All. Broward County supplied bettled water for 
six months and now pipes in water. Porous 
land and a high water table roise the ris of 
leaching. Liners, now required, anchor a new 
Dade County landfill (top) at the base of on 
older landfill that is unlined but monitored, 





newly drained muck soil provided extraor 
dinary crop yields,and farming boomed 

But that thei 
nozed éoi) burned like tinder during the cr 
Worse, 


the land itself was disappearing. As ficlds were 


farmers soot disevvered 


1 ee ee 
months. the tires sorendime for miles 


drained, the top laver of mus be irier) tom Tive 


powder and blew away, or it decomposed 


through an oxidizing process, releasing nutn 
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Devastating hurricanes in 1926 amd L928 


hurst bow inound the lnke 
OO people. The 
ari at its direction the 
i E n@ineers sturtec thi 
wrt Hoover Dike that now encir- 
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After another hurricane in 144; 
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killing more than 2, tate 
anpedied to Congress 
U.S. Army Corp 
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the corps launched other ambitious plumbing 


thet Wee ry 


propects— surgery 





Straitiacketed into a comal for Mood cort- 
trol bethereen LOG] and 1971, thee medn- 
dering Kissinumee River lost hulf its 
leneth and most of its marshes. Now, 


the first reversal of a U.S. Army Corps of 
Engineers project, the river is slated to 
regain its curves, some already reflooded 
by test weirs. The restoration will bring 
back wildlife and stave aff development. 





Few states give water managers such 
policy-making clowt. The South Plortda 
Water Mancgement District, largest of 
five, is defined by the natural flow that 
begins with the headwaters of the Kissim- 
nae e, Governor-appointed board members 
fopposite) head operations bul may, say 
critics, put interests of their individual 
regions abowe Hie health of the avetern. 


wilderness fore ve [sy [ORO dredves had 
carved 1,400 miles of canals and levees in the 
SFWME, Dh lacing ine Mm Pounciments OL 
Whler CONnServiatlion AresASs, DYVYEFTLIAE al 
square miles of the Everglades. Pumping sta 
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cher] Water across the flat [pins 
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Special treatment was grven to the Kissime- 
nee, When downpour drenched its headl- 
waters, stuggish meanders could not carry off 
the water, and floods were frequent. Cutting 
straient throuch the Hlooclplain, the 
corps dug a canal 300 feet wide. Hy 
L971 the looping river, once a hun 
dred miles long, was reduced to 52 


1. 





miles and rengmer Cana 
The entire Everglades: watershed 





showed signs of malaise. How could 
It go 80 Wronpe. 50 quickly? How 
could it be curect? 

. plea for action came from 
trthur BR. Marshall, a former U.S 
Fish and Wildlife service binlogist 
whose paasionate concem cuught 
the eur of the press: and politicians 
Charging in 1973 that delicate heart 
surgery had been pertormed With a 
meat cleaver, be caller! for the resto 
ration of the Kissimmee River and 
the Everglades: “It ts asingle water 
svetem, aliving entity that has been 
HLT % et inta jaa fs py allt lies ciunals, 
its flow impeded and redirected, It 
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( Visit alling Lake Okee- 
i hi eee . [ li FI the crchers 
of West Palm Heach and 


drove through miles: af 





hamboo-like sugarcane, tach tract 
rimmed by an irigation cic twin 
kling in the sun. Along the dike that 
encircles the lake, one srl town 
pave way to another, each mtent on 
its own special industry: fishing, 
ranching, agriculture 
On the south shore spread fieldsoal 
lettuce and celery. The area around Belle 
since is oné of the nation s winter vegetable 
haskets, filling salad bars across the land 
There are 20,000 people out there in the 
Everglades Agricultural Area working to pro- 
(duce sugar and veretibles on 450,000 acre: 
of land,” said farmer Getoree H. Wedeworth. 
Palm Beach County alone has the fitth largest 


farm income tin the nator 
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costly toll. A conercte marker atthe Universit, 


of Flenda’s mericuitural research Staton 


shows that more than five feetofsoi have teen 


Os 1 Le Pasi Of years [Page 103 


|, Experts 


orecdict that 


In Dlace 1 irface will reac! 
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bedrock within 25 ye 


4¢ the 
hass fishing 


town of Okeechobec, fared for its 
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“ony srowers were skeptical,” says Jace Hoss, 
whe uses purified sewage water to irrigate 
“Rut it works.” [taiso insulates his tangerine 
trees during freezes. Orange County and 
Orlando devised this water-recycling method, 
on oiterneative to well irrigation, to solve thetr 
seroire-disposdl problem, Wien meeds ore 
low, the water is filtered through sary basins 
(below) to recharge the Floridan aguifer. 
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how much longer 


four-pounders [| wondered 
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NOLOPIStS, 15 agricultun incluching dan 


farming, The contaminated runoli from helcs 
in the Everglades Agricultural Ares, 
the lake, contains abundant phosphorus and 
nitrogen, frorn lisintegrat 
ing muc! 
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are blooms of blue-treen alene that resemble 
Hroad splotches of pea soup 

Farmers point out that the lake has always 
known phosphorus and nitrogen, naturally 
denostted by rainfall, But now the hitman con 
tribution is several times that of nature 

[In 1979, pressured by conservationists who 
were worred that increased nutrients might 
inteirievably damage the lake's water quality, 
Lie SFWMD stopped pumping runoff from the 
roretable helds north into the lake, 
except in drought or flood. Instead the water 


was cischarged south inte the water conserva 





Lethe a 


LOT fPeas 
In 1985 then governor Rob Graham created 
the Lake Okeechobee Technical Committee, a 
leam of scientists, engineers, and environmen- 
Lalists, Lo study the problem 
Dangerous oleal blooms exploded on the 
in Awpust POR, 


Lae creasing over iz 


ar ar 
i 


square miles and attracting wide media atten- 
tion, It was an election VEar, and candidates 
flocked to the “dying” lake. From biological! 
dilemma to political opportunity, the lake was 
in the limelirht, and the district was taken to 
trsk. The clamor to save the lake grew louder 
The committer new canals 
(more plumbing) to divert the agricultural 
runott to nearby estuaries. Coastal residents 
vehemently objected 
pumping the polluted water clown wells, inthe 
hope that the hmestone would filter out nutri- 


considered 


Another fix involved 


ents anc the cleansed water could he recorv- 


ered] brute farce," 


“Bio-manipulation by 
Snaried acrith 

The estimated cost of these changes was 
more than 2700 million dollars. Even then, the 
leam cautioned, predicting the lake's response 
Was “NOLAN exact science. 


In the followine veere the alzal bloome 





A water Sie: 
besieged 


South Florida 
today 


South Florida 
1800 


HE CONSEQUENCES of a 
century of development 
confront south Floricta, 
More than 60 percent of its wel- 
lantls hye vinnishec: pavement 
covers land that once soaked up 
rain inte aquifers. Right of the 
ten fastest growing U.S. com- 
munities expand with newcom- 
ers drawn by climate and no 
state income tax, The Biscayne 
acquiter—recharged by Lake 
Okeechobee canals during 
drought —amply supplies the 
east coast. But, less blessecl, the 
wee? cost increasingly crinks 
desalinated water. Ane during 
winter, when water supplies are 
falling, L2 milion tourists arrive 
After hurricane floods killed 
thousands in thé late 19204, the 





U.S. Army Corps of Engineers 
began to tame the Kissimmee- 


Okeechobee-Everglades system, 


Lake Qheechobee's dikes were 
strenzthened, and more canals 
were dug. Everglades National 
Park opened im 1947, and 1,550 
square miles of the Everglades 
outside the park were later im- 
pounded as water conservation 


areas for flood control and wild- 


life preservation. Water was 
diverted for human needs dur- 
ing dry periods and released to 
the flooded park during the 
rainy season. 











Lake Okeechoboe choked on 
algal blooms provoked by 
nutnient-laden runoff pumped 
from dairies and stigarcane ane 
vegetable fields. To protect the 
lake. nuinofl was diverted to con- 
servation areas: cattails began 









Saltwater intriaian fecarna ocite om ter £305 
when drafnage canait jowered arouncwate: 
lewis, Today when coastal monitor welly defect 
taltwater confammatron — —iniealty or 


currarey 
foring drdoght — freiwater purnping is shift- 
ed dnand. or more is sent theougl canals to 








flock the dfvarce of salt waler 
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| Coastal vegetation and mangrave 
Gratcind and wet prabria 
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Cltrus 
Sugarcané and vagqetulsles 
Surtace water flaw 


ciaplucing native saw grass. 
“There come o point in the 
eighties when people didn’t 
know what they should be 
doing,” recalls Tam MacVicar, 
south Florida Water Manage 
ment District deputy executive 
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Toxic waste site (Environmental 
Protection Agency Superfund Situ! 
-34 Flood cortical and water-upply conal 


South Florida 1900 
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cirector. “But they knew 
what had been done wasn't 
working.” Commitment to 
saving the Everglades includes 
park expansion and restoring a 
more natural water flow, 
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relurhii cf ce Scenes contmnmiti r te csi Ess Soin be PRL | he park 5 birt right, ap. 
“MWCO TLS clared loongress, t clear and abundant water 
“We may lose the lake belofe we can reha- Last in line in the 250-mile-long Everglades 
bilitate it,” said Pay) Parks, a scientict with watershed and competing with the thirs! 
the Flonda Wildlife Federation. “The prob- urban corricder to the east. the park for vears 
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HE EXTENSIVE MANIPULATION of ton areas or fooded achjacent Dade County 

the Kissimmee River and Lake vegetable empire, the exeess was quickly 
Okeechobee was also adversely clensed into the brimming park. In drought, 
affecting the sensitive Everlace cities and tomatoes drank first, and the Ever- 


doOwnstrenimn rades withered. Never mind that afew inche 
Forty-three years-ago President Harry Tru- of water spell life or death to crops and wood 
nan deciicated 14 million acres of the B.ver- chOrks mip 


lades a5 a national park te “protect hundreds “Waler unquestionably the park's num 





if kincls of wildlife which might otherwise rerone problem,” then superinters 
Finiey told me as we i hoppe red low over thi 
Everpliades. A no-nonsense conservationist 
Who now oversees Yosemit Niatinnil Pork 
the Oremon mative had vowed to hattle am 
agency in federal court to protect the park 
cdwindtiy PW ldhife and water uno 

45 the watery stillness of prass anil tre 
sianeds rushed beneath us, Mike pointed out 
trouble spots: forest fires near the Ten Thow- 
and islands estuary, tomato fields pushing 
apainst the park boundary, thick stands of 
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the creation of a buffer zone around the park 
purchasing as much land as possible with 
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First they designect LCOMPOTE! 
model lo mimic seasonal ram 
fa conditions and annual wate: 
lehnvenes dione the park's northem bound 
LT Thi new model has significantly 
Improved the tming and distribution of water 
Htctments, bert nro bers still exist. When 


fi "I 
the current drought imposed restrictions on 


Ona mountain of sugar, employees of the 
Atlontic Sugar Association near Belle Glade 
look sor at the prospect of losing their jobs, 
The ovill may close ifnew state reguinements 
for filtering field monoff prove to be too enstly to 
the growers, After the fuice ts extriucted, sugar- 


cane fiber powers the region's seven mills. 





Florida's “black gold,” the organic muck of the Aci 4 
drained Hverplades sustains the nation's lorg- mo. today number 15.000. Park hiolorist 
est suivarcone crop ind second lorpeat vege- 
ce ha | t F beheve that with improved water delivery 
toble output. Rut, eqpesed ty air, this-sail } 
Abe ; our some bird populations can recover, although 
decomposes. At the University of Florida's | 
' ' r et is , there is 1 onter crouth natural freshwater 
Belle Glode agricultural research center a 
nurker records dramatic soil loss, one inch marshland lett for huge Tock at waders 
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areas HAVE fTLAMmAged tht 

Winmi residents if 195 ria water Whe ecosystem over the past ten vears,"” said Steve 
Prelesnset to the PA be fs i] WEEE Dav, pbiplowist with the SPFwMD | hi . CCE 
Other events affect waterdeliverv. Whenl2 from the sgricultural runoff-south of Lake 


inches of rain pelted south Florida one August Olbeechobee: 
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Fuurantees to U.S. sugar growers support the 
llhuters 

\ lawsuit fis churned the waters. The. S 
Attorney's office in Miami sued the srw) 
and the Florida Department of Environmen 
Lal Regulation in 1988, charging that state anc 


fecteral water-quality regulations had heen 


Yiueated by allowing arncultural runefi 1 
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lariat Lovahatiches Refuge and Evergiade: 
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river, careful research was paying off 
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The decision to restirrect 
was unprecedented. In 197 | 


ine serpentine 


the state's ALssimmec restoration act pede 
to return the river to its. vital role in thi 
Evenclades svstem. For the first time in thi 
nation’s history a Corps of Engineers project 
nay be reversed 

Why this reversal? The corps’ original put 
DOS Was in keeping with (he view Drit oT 
the fifties: Control seasonal flooding that dam 
wericulture 
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livert the canal’s flow, re 
and marshiands, Emulating seasonal varia 


tions, they raised and lowered water levels fot 


| | J 
three years to determine if rehabilitation was 


os | 
Che experiment proved that the Kis- 


possible 
cimmec could be restored 

Cwisited the site with SFWMD research envi 
ranmentalist Low Toth. He baci monitored the 
changes and was enthusiastic. We launched 
our boat atthe southend of the lZ-muile project 
and headed upstream 


From the surface of the canal, banks of slop 


ing spoil cut off the view of grazing cattle, We 
i ae Sa Eee par 
threacted the first weir vii 39-foot-wite navi- 


cation notch for small fishing boats 


At the oxbow above the weir enough water 


hac been diverted to scour owl 
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mudancd veretation. The oxbow Oowed per 


eptibly. The impression ol DLITren Waiter 
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“AL enomp-poddiling scam, one state official 

sive of Golden Gate Estotes (top), a 111 
acre development cast of Naples that went bank 
ruptin the (960s. lo restore tie region's natural 
woter flow, the state plons to buy 47,000 acres in 
the southern section. “But were still fighting,” 
sis Chris Durpity, one of 66 people who have 
built ere. Ata picnic (above) owners locate their 
Land ania plot. “Were mot onf-environmental,” 
save Durphy. “We just want the state to leowe us 
out of the acquisition.” 

Stronger development laws today include con- 
trol of urban storm-woter runoff, the greatest 
source of potlution. Artificial lakes threading mew 
home sttes in Pabm Beach County (left) capture 


runol?l and allow contaminants to settle oul 





Counting turtle grass in Florida Bay tn 
Everglades National Park, researchers 
track a mysterious die-off that hos killed 
[5,000 acres since 1987, ‘Tee decline is 
ailowing other sea prosses to colonize 
the estuary, increasing animal and plant 
diversity. Hurricanes may keep fuortie 
gross in check, but no major storm has 
hit since 1905—an environmentil wild 
cord for all of south Florida. 





nipes sticking out of the water on either side of 


the oxbow. “That's my sampling transect. 
We'll take a sediment analysis to see how the 
bottom is: doting,” Four years ago he had 
brought up muck that smelled like sewage. 

We lowered «& brass box over the side and 
retrieved a sample. White sandy soil dripped 
gut. This indicated the current fowed well, 
bringing oxygen to fish and small fingernail 
clams that had retumed to them former haunt 

Lou itentifred native marsh plants as we 
nhed the oxbow's laxy loops. “See that climb 
ing dayflower? It's a threatened species.” 
Then, with pride: “That wax myrtle on the 
esc.” Wax mvertle trees prefer dry 
conditions, proof that the Kissimmee flood- 
plain was indeed wet again. 

To learn more about the restoration sturly, | 
turned to an engineer 2,500 miles away in 
Berkeley, California. Professor Hsich Wen 
Shenknows every bend ofthe Kissimmee, just 
as he learned about the Nile when the United 
Nations hired him to study environmental 
eHects of Revpl's Aswan High Dam. 

Commissioned by the SFWMD to examine 
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iiternatives for reflonding the oxbows and 
wrhlands, Shen wsed two. thousand-foot 
Humes tostmulate the movement of water and 
In -a hangar nearby we waded 
across a 60-by-S0 foot simulation of a Kissim- 
nee bend, marsh ares, anc stretch of canal. A 
computer measures flows in the elaborate 
miniature to reveal the nver’s behavior under 
Hood conditions 
Floridians are finding that restoring & 
river will mot be cheap. 
To unde the 30-million- 


Ssectiments 


dollar channeling job and 
procure SO,000 scres of 
Noolplain where cattle 
now erare could 
as much as 300 million 
dollars. 

The Kassimmec 15: also 
benefiting from an (rlan- 
do water cleanup, one of 
the state's many innova- 


cost 


tive Water schemes. 

Once a-sleepy citrus 
center, Orlondo has 
mushroomed into ane of 
the ten tastest Frowing 
metropolitan areas in the 
nation (along with seven 
ethers in. Florida). Eight 
VeErs Ago it received an ultimatum from the 
Environmental Protection Agency: Stop dis- 
charging wastewater inte the heachwaters of 
the Kissimmee. A 20(-+mi 
resulted in one of the largest Citrus imeniion 
projects in the country using reclaimed water 

The city teamed up with Orange County to 
build a20-mile pipeline to adistribution center 
in Che middle of the citrus belt. There 25 mil 
lion gallons, soon te be 50 milhion, of reclaimed 
sewage water is on tap daily for irrigating 
[5.000 acres of citric trees 

When rainfall is high, the water is diverted 
instead into RIBs—rapid infiltration basins 
(pace 98). A hundred oblong plots dot more 
than 1,500 acres in western Orange County. 
Water filters through the sandy soil in these 
thini-rceervoirs to recharge the aquifer 





lion-dollar solution 


“FP THE SUN is missing elsewhere in Florida, 
you will find it at the very tip of the 
United States, in Key West. Sunshine, 
but precious little water. So precious that 

one of Florida’s first millionarres, William 
Curry, a Key West entrepreneur, bolstered his 
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be fourth in growth and rank 47th in taxes 
Warns Professor fohn M 
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o have to bite the bullet and pay the 
takes to protect our resources.” 
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oo7ers 
Fround tanks and rolled them: to one side like 
stranded whales. Recently enacted well-field 


protection ardinances ban leaking gas-storage 
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“There are no other Everglades in the world, 


Concermed for this “superh monotory of 
sow grass,” Marion Stonemon Douglas 
wrote The Ewerglades: River of Grass. 

[ts 1947 publication coincided with 

the opening of the motional park for which 
she hed lobbied for 20 years, Of today's 
restoration ¢ffort she says, “Itisn’t a 


question of being optimistic or pessimistic. 
It's cot to be done.” 





An intdequate water supply in the enst- 
coast town of Jupiter fed to a high-tech 
tion that is increasingly popular in south 


lorida 
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Atter dniling through the surface source toa 
Thausend feet Jurpite es water engineers hit 
nother, slichtly brackish aquifer 

“We not our water supply in the 21st 
rentury by installing a ! 
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Witte drome below the canger point, func 


managers switth pumping to inlind wells 
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‘They tried to adjust ond they foiled,” says 


ornithologist folin Ceden of wooed stories 
(fbove), hordest hitin the 945 percent 
decline of Everglodes wading birds, mow 
nom bering mbout J 5,00), Some 400 
neshing wooded storks remoin here. Afian- 
node changes in werter flow heave coused 
the stories to postpone winter nesting 
until spring, when roins disperse the 
fh needed ty feed chicks. More flexible 
fn chonge, a great egret stables fish ina 
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What lies ahead? Hoth water 
managers agree: South Flonda will never ron 
Noture’s lond manager, lightning fires keep 
hardwoods from overwhelming the Everglades 
Rut in recent drought years, smoke pollution 
ond the toedt to residential property have 
required fire control costing millions of dol 
lars. In natural winter dnmess alligator trocies 
cross sunboked muck (top). “The 1990s will 
aoe hitttles between Everglades anid urhian 
woiter needs,” says Tom MocVicor, designer of 
the pli te restore natural water flaw to the 
piork. “Are wee willing to pay more for water so 


the Evervlodes can howe tte share?” 
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HEN FLORIDA 
established John 
Pennekamp Cor. 
al Reef State Park 
off Key Largo in 1960, there was 
general rej@icing that thie creat 
American treasure would be 
preserved for future generations 
to enjoy. Less than a generntion 
later many of the state's reefs 
ire cying, not just in the park 
out throughout the keys. Same 
PXDErts say the causes are prartof 
a natural cycle, and widespread 
death is inevitable, Others sav 
the causes are unknown, but the 
result 16 still inevitable. And 
others warn that we are actually 
Killing our reefs 

[ first cived the Florida Foevs 
while I was a University of 
Florida student in the 1950s 
Through 35 subsequent years of 
regular scuba trips and docu- 
mentation (alone with the pmas- 
Ing photographic coverage of 
the reefs by my lifelong diving 
buddy ferry Greenberg), | have 
Witthed their steady deteriora- 
tion. Corals are lrving organisms 
that have created the very struc- 
ture of the reefs over thousands 
of years. Seeing them suffer 1s 
like living with « terminally ill 
family member whose cloctors 
aringe over svimptoms while the 
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Ina trowbled onderwater world 
of Aey Largo, a school of diving 
students swarms around the 
“Christ of the Deep" stotue, 
Fouled waters and thoughtless 
Visitors are destroying growtiis 
of coral (above), some of which 
book centuries to form. 
Designed to protect an exten- 

sive reef system, John 
Pennehkamp Coral Reef Stote 
Park and the adjacent Key 
Largo National Marine 
Sanctuary are being niined 
by too much pollution ame 
too many people. 
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patient silently slips away 

There is magic in coral. In 
seCret Watery gardens, nature 
plays out her diverse drama for 
the snorkeling alien to behold: 
birth and death, beauty and 
beast, competition and coopera- 
tion. What appears to be o large 
boulder that resembles-a human 
brain 1s actually a colony of mil: 
lions of creatures, Each tiny, 
seemingly independent polyp, 
taking in water and nutnents 
and exuding calctum carbonate 
(limestone), participates in form- 
Ing 8 design specific to each 
apecies of coral. 

Pennekamp is-part of areef 
Hibbon, made possible by the 
warn flow of the passing (aulf 
Stream, that reaches from 
southwest of Rev West abnost 
to Miam 

Although most refer to the 
ares along Key Largo as “ Pen- 
nekamp,” litthe-noted juris- 
dichonal changes in 1974-75 
dramatically altered the reefs’ 
futtire. Wt that time the federal 
rovernment took control of all 
U.S. uinderwatlerarcas bevond 
three miles to acdepth of 300 
feet. These actions diminished 
Pennekamp Park (adintinistered 
by the Florida Department of 
Natural Resources) to the three 


miles Closest to shore and trans 
ferred the major reefs to the Ke 
Larro National Viarine Sanctu 
ay operatert by the U.S. 


Department of Commerce) 


OCK HARD if appear 
RCE, OOF 1) Tees wre 

in truth exquisitely 

LToavtiic. Wine Wilthitt 


a VEY NaTTOoOWw TAaAnEe oF CONnCL- 
tions. Water temperature should 


remain above 70°F: Pennekamp 





oi) @clee of reel 


IS At tne 


crowth. and ite 


waters dip into 
the sixties in winter. And the 
water smust have few nutnents 


andeven fewer toxins— Penne 


amp has too many of both, In 


hort, since the increase of 
development mond tourism in the 
kevs the odds gre against Penne- 
kamp) § Sensitive ecosystem, 

In the « 


02 sport diving we felt like 


lerrinie-iio tavs of 
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wonderland. After jacques 
Yves Cousteau co-invented the 
Aqua-Lung, the young and the 
daring sutbed upin relatively 
untested scuba outhts and raced 
toward this underwater frontier 
No laws Hmited snearfishing or 
coral and shell collecting. Heed- 
LfesSS CUVeErs SPeared tons of the 
most desirable game fish 
Massive publicity, not the 
least of which was & major 


fLonmtimued on page PZ 
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Auweyves cain be lifesavers for coral 
fy discouraging anchoring 
directly on the reefs, once the 
couse of missive destruction 
some bouts dowble wp at Moloas- 
ses Reef tn the federal sanctu- 
ary (above), where 15 new 
ues a Vear ore pur ned. In 
1984 the freighter Wellwood 


(left) plowed up several acres 


of coral and went aground. Part 


of the stc-million-dollar fini 
helped firmince hobttiat 
restoroanon 








A wonidroiws reaim wnfolds in 

ac panorama taken by ferry 
trreenbery af Corvsfort Reef 
in. S60 (top), Golden branches 
ofelkhorn coral stand beside 
brain coral, at lower right. In 
the scome region 29 years loter, 
coral was reduced ty a mise of 
stumps [oO compare stich areds, 
author Fred Ward (above) uses 
lamindted old photographs. 


Earth's forgest formations 


mide by living organisms, coral 
reefs are the handiwork of small 
marine animals called polyps, 
which reproduce asexually 

After a polyp dica, it leaves 
hind deposita of colcium car- 
bonote upon which live polyps 
build. When nutrient levels sour 
from such sources as hinmn 


ccmiape anid fertilizers washed 


from farmland, aigoe com over- 


whelm ond smother the polyps. 











(Continiend from page 116) 
article in NATIONAL GEO 
GRAPHIC magazine in ios, 
Orenobec an almost instanta- 
neous influx of beats and divers, 
pitting new pressures on the 
underwaterenvironment A few 
divers might have caused little 
noticeable disruption, but safer, 
285 OXPEHSIVE eQuIpment and 
more leisure time helped popu 
lnrize scuba diving 

Pennekamnp, beautiful, acces- 
urbe 
one of the most frequented civ- 
ing destinations in the world, 
with nearly beo million visitors 
a vear (Half of whom actually 
mitke ibonte or inte the water) 
The five most crowded reefs at 


tide, anc irresistible 


tract 3,000 people on an average: 
day and double that on warm 
wie kenels 

Their boats pollute the water 
and everything in it with petro- 
eum products and sewage 
Incompetent operators crash 
into the reefs. They litter the sea 
with plastic foam cups, alumi 
num cans, glass, plastic bags, 
bottles, and miles of tangled 
fishing line, This debris does not 
ro away—itis, for all practical 
PUrDOSeES, indestructible, 

Thousands of swimmers rou 
lincly bump, scrape, and step on 
coral 
standing on coral may Seem as 


lo A bred 2Wimimer, 


harmless 2s Testing on a rock. 
But the slightest contact by a 
loot, boat shoe, dive tank, or 
swim fin tan weaken a section 
of living reef. Alewe then over- 
come damuped polyps. [f only 
one person im a hundred scars or 


Death can be shockingly swift in 
a coral reef that took some 6,01) 
years to grow. Thirty feet down 
in Molasses Reef, boulder coral! 
(top, at left) and branches of 
elkhorn, at right, were suffering 
in 1983, bit much of the area re- 
mained alive. lust sly years loter 
the bowlder coral wos seriously 
eroded, and the elkhorn hod 
neorly succumbed, 


breaks off.a piece of coral that 
book a century to grow, the 
cumulative devastation is enor- 
mous. Although spearing and 
specimen collecting are prohib- 
ited in the park, they continue 
illegally to this day 


EOPLE PRESSURE makes 
money lor Kame 
Péegram, operator of the 
private park concession 

responsible for getting half of 

all the area's visitors onto the 
water. In his tiny dockside office 
he still worries about their 
PpaAct 
exploding,” he says. “Over half 
the growth in the last 25 years 
has occurred in the past six 

We re ‘mawed cut’ every other 
weekend. Pennekamp has to 
close the gates hecause there's 


She place t fiterally 


at 


no more room for cars 
Parking-lot size seems & 
strange way to determine haw 
many people get in. Carl Niel- 
een, then Pennekamp's ener- 
retic park manager (he has since 
thanged jobs}, agreed: “I'm not 
Sure We want to bring in more 
visitors, We keep an annual [rt 
of ‘destruction to natural fea- 
tures.” which includes boat 
croundings, mangrove damaue, 
COrdi breakage. and boat-prop 
dredging, There was an increase 
of nearly 300 percent of such 
Incinent= between 19S4 ancl 
(989. We may soon be forced to 
close off parts of the reefs on a 
regular basis.-ta give them some 
breathing room to recover.” 
Fishing and diving, two main 
water sports in the kevs, have 
conflicting goals; One enthusiast 
wants to catch what the other 
wants to see swim free. Killing 
Major fame animals i not 
allowed in other state or 
national parks, but the argcu- 
ment for prohibition falls on 
Heal ears when the issue & fish 
ing; nearly every resident has a 
boat and red. Anything that 
affects recreational or commer 
tial fishing polarizes the kevs, 
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and killed by algae, This followed 

‘the deciine of aigae-eating fish 
», from overharvesting with fish 

* traps and explosives. 








awh ‘off OTE can take atoll, Strong waves stirred up) 
hom and shops that sell them as by hurricanes can cut «swath through %S 
Souvenirs contribute to reef destruction. ‘Coral reefs, especially in shallow water. ) 
So do factories spewing pollutants that Regiliring temperatures within a narrow 

end up in the sea and developers who range, reefs are serena ihn lengthy oe 
@ clear land of coastal vegetation that fil- posure to | | 

















ters the outflow of rivers and streams, ora) bleacht 
This marine habitat has been further seers have bot tall a par cn 
violated by the overharvesting of fish deelittt 1g water quality andeleva 






ind crustaceans. water tensperatures that mie Tinkceci 
Even without human intrusion, nature changes in global limes 
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alee mrtrocduced levislation 
Lobsters, tender to eat and 
Cult io protect, Paise Ten 
sions to the breaking point. It is 
almost impossible to find 
‘lobster at Penneékamp 
eck= after the 
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oe Lory) wens. | Was On the Teer 
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; ane Cay Tho 
than hall a dozen lobsters 
‘Any person with a license 
An take 6 lobsters a day or 24 

paar bowl chanme Line Lug SL | 
through March 31 season, Sins 
wlike Vy ite 


iL boat com lake 274 lobeters o 


CUE tire wikh 


lay. And that’= not the worst ol 
t.§ Commercial lobster license 
are cheap in Florida, and there's 
no limit on the number of traps 
cil Leb LETS trlce ni 

During the summer two-day 
non-commercial “ miti-season 
1S $8) 30 Many aa bews 


instermMen Show Up Vou can 


walk from boat to feaoad six mule 


out to the reets without get- 


| " LiF Few EF= 
LIne a ae [ i 


Divers’ rest stop that appears to 
be bare rock (below) is actually 
an overturned stund of coral 
Boaters who ran aground (left) 
were fined according to a 
formula that considers coral 
density, damage, recovery 
potentiol, and degree of megli- 
pence. [enoring rules against 
touching the coral, divers paw 
through a dying stand of 
éelkhorn in search of lobsters, In 
[S89 three persons cought with 
399 lobsters were fired more 
than $4,000 apiece for violating 
size and bag limits 





A few daws after the mini 


iemson, Jerry Greenberg returned 
to finish photographing a partic- 
llarhy attractive stand of coral 

at (arysfort. near the sanc- 

Cini 
ipile of paint-scarred coral 


se northern border 


1 
Tg! 


fragments remained, silent lesti- 


mony to careless boating 

HE REEFS chic! 

lefencders Are fn 

UUs! Coalinon of 

environmentalists and 
Hilew of the DUSInessMmen Whose 
hives depend on having some 
thing alive on the reefs for peo 
ole to see. One such 1s Captain 
SDENCer Slate, GTezanoUs owner 
of Atlanie Dive Center, who 


National Geographic, uty 1990 


orintowts of the last clecace, she 
explama, “There isa. direct rela- 
tionship between pollution and 
disease, Pollutants may lower 
the resistance of Marine orean: 
ms. They irritate fish skin, cre- 
ating a condition that allows 
bacteria. bo enter: 

“Cnshore pollution é¢venti- 
ally reaches the park. Where 
else can it po? Over one 26- 
month period [found water 
samples that excorcded the state 
atundards for pesticides 42 chif- 
ferent times and for plastiozers 
65 times. Leven found one PCH 
comple. Sediment samples. ont 
lected six miles offshore in LO86 
contained DDT. The chemicals 
people weon Kev Large énd up 
in surrounding waters— petro 
lcum products, heavy metals, 
pesticides, herbicithes, anc 
fertilizers.” 

A Surprising occurrence in 
1988 awakened officials to 
another threat 
heavy rains, south Florida's 
verctable farmers petitioned to 
dram their fields by releasing 
water from Canal 111 

According to Renate Skinner, 
“Barnes Sound began to ce 





Faced with 


the discharge of such a large 
amount of fresh water killed 
fish, grasses, anything that 
could not tolerate the succlen 
change in salinity, Then another 
unexpected thing happened. We 
had always assumed that the 
flow from Barnes Sound went 
werth, into Biscayne Bay. How- 
ever, after two months the 
decaying organic matter had 
flowed south through Jewfish 
(Creek, into Blackwater Sound, 
through Marvin Adams Water- 
war, and into the park. Water 
samples from the organic slicks 
revealed hich levels of several 
pesticides. 

And if that’s nol enough 
pollution, « countercurrent 
between the shoreline and the 
(aulf Stream clelivers runotf onto 
the reefs from Biscayne Bay and 
Greater Miami 
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ESTICIDES rain down 

from low-lying 
| mosquite-control 

planes based in the 
keys. Lois Ryan, director of the 
Monroe County Mosquite Con- 
trol District, & emphatic thal 
people couldn't and wouldn't 
stay in the kews wailliout her 
operation: We spray from 
lanes, hMlicapters, and trucks 
bvice a week duringe the wet sea 
son, whenever we get more thi 
10 mosquitoes landing on an 


inspector's arm in ome minute 


We use Naled, a pesticice, 
mixed 4allons ta 100 patlons 
of diesel fuel, It's safe, and we 
perform an invaluable service.” 
Sotevervone agrees that 
this program 1 safe orthatl Mine- 
quite Control should have sole 
authority over when and where 
to gpray. “Spraving kills larvae, 
not only of Micsq i oes hit alsn 
of & erent many other insects, * 
Vike White of the Key Lareo 
Nationa) Marne Sanctuary 
cave, “It's indiscrmminate.” 


A local official lamented, 





lin roids on mosquitees send 


foes of petroleam-hesed pesti- 


cides over Key Lorgo twice a 
weer during the wel season, The 
Miind & porous Limestone sul- 
‘permits chemicals to filter 
ite the water table ane event 
cily ite the ocean, Adding to thi 
Poliution, seepage from sept 
thinks increased in the [970s 
with the building of the Port 


Loren subdivision fhetow) 





The ruddy glow of tts branches 
reflects the health of a sec fom 
(right), which grows best in 
worm, cleon water with a low 
nutrient level. A dying coral of 
the same spectes hounts the 
deep like a specter (fucing 
page), perhaps the victim of 
parasites or polluted water. 

Lifeless white limestone dis- 
colors a branch of elkhern coral 
after the spread of white bene 
disease (bottom left), whose 
cise remains oo mystery. Pro- 
duced by bacteria, black band 
disease, here infecting a star 
coma foenter right), can Rill a 
200-vecr-old formation tn feo 
months. Experiments to stop the 
disease and treat infected coral 
ad for howe filled. 

Known os golf ball coral, 
Fovia fragum (bottom right) is 
smothered by algoe, which then 
use the remains os a base for 
further growth. 

Life on a reef is typically bal- 
anced, with a variety of corals 
coexisting with coral-eating 
porrotfish, algae, sea urchins, 
and domselfish. Normally cor- 
ale hove the ability te cleanse 
and heal themselves of disease 
and tripact wens. AL 
Pennekomp the reefs may no 
longer be able to withstand the 
stresses of their environment, 


“There are almost oo butterflies 
left where the county spray 
The number of birds has 
declined because their food is 
ling 





killed in the process of kt 
my WL hoes" 

(Carl Nielsen notes the counts 
supposed lo cut off the spray 
as planes fly over the park or 
over water, bul, he-says, “We 
pick up those pesticides in cur 
water samples. Anything that 
lands on Key Largo ends up 
in the park.” 

Once water quality ceterio- 
rates, corals may not have the 


strength to recover from the 


bau 


stresses of people, boats, storms, 
silt, chemicals. Anything can 
nueh them over the edge 

That fatal “anything” can 
come from almost anywhere 


avement coordinator for Gis 
cayne National Park, reports, 
"We pick up paper plants’ res 
dues from the Midwest brought 
down by the country's sewer, 
the Mississippi River, mixed in 
the Gulf of Mexico, and carried 
bere by the Gulf Stream. Every 
product that people make ts 
found around our reefs —includ- 
ing far too many nutrients.” 





Agricultural rung, garbage, 
seware, and thousands of prod- 


ucts that humans discard have 
seriously mised the lewel of 
nutrients in the water around 
the kevs, 

“Nutrient loading could make 
the Florida Keys reef tract the 
first in the world to be kilkeci by 
humans,” suvs Brian Lapointe, 
water-quality expert with 
the Florida Keys Land & Sea 
Trist. Calling the keys an “eco 
syetem dysfunction, he notes, 
“(Coral reefs thrive only in 
a low-nutrnient environment. 
Pollution is pushing Florida's 
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46 T ohotetrmaphed one mom 
ing from the top of a park 
COMCesSsSLOn snarkel bom, 1s 
youn? captain, Kevin Pu 
glanced a at tery i ir 
lred snorkelers leaping ont 

ne simill patch of ree : i 
exchanger concerned look 

“| make my tving dnvineg 
this boat, and [love it,” saicl 
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Small but feisty, o damwpelfisn 
rucards its turf (below). By 
picking at polyps, the fish tell 
patches to create algal lows 
(left), In defense, a “chimney” 
of new griwveth appears (above). 
fF habitat is destroyed, the fish 
swarm to nearby reefs, where 
cord destraction is intensified. 
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Ines very first year of production, che mew ( hryster Inperial has already shown 
Amerca what Chrysler is. achies a) a quality In un Independent MOYCT POTS pron 
survey by Consumer Articuce Research, Imperial had che highest rating of any car 
butt in. America. In face, te was highest in 14 of 11 quality categories. In che 


C veral| Opinion rank ing. lip nal had che hwehesr percenrave of completeh 


Salst ti cl CLSTOMers. . ; | ! 
Imperial: The highest qualicy Aavantage: Chrysler. “y 
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Sharing a love of the 
cuidoord with Ais brother 
Awken, then governor af 
New Fork, Laurance Rock- 
efeller, left, guided the 
expansion of He state's 
park system durteg the 
9600. Ae fas served on 
the boars of the New 
fark Acwomical Sect 
and the Pativades frter- 
ete Park Coennision 
my we ay fhe enteral 
Ceographic Sactetr, 





HE DAUNTING FROBLEMS We face in preserving OUF nation + open spuces 
—fighting pollutants, protecting wetlands from development, managing 
urban growth— might tempt us to shrug our shoulders and say, “Wha 
difference con an individual make?” 

Well, if the tadividual is someone like Laurance Spelman Rockefeller the 
answer is—a tremendous difference. During a carcer of publoc servece that has 
spanned more than five decades, Laurance has helped make it possible for 
literally millions of Americans to enjoy the outdoors im parklands and toresis 
His contributions have been so siamificant that the U), Ss. 
Coneress in May awarded him a gold medal, an hono 
bestowed on only $6 other individuals since the first one 
wie ven to George Washington 

My father, Melville Bell Grosvenor, invited Laurance 
fo jun the Socrety 5 Board of Trustees in 195), 2 pos 
tion be held for 24 years, Through those years he served 
National Geographic well as a voice for conservation. Our 
involvement in establishing Redwood Notional Park in 
California was largely the result of hus influence. 

His contnibutions to the nation have been even oere 
profound. He gave the conservation movement a tremer- 
dows boost during the earty 1960s through his chairman- 
ship of the Outdoor Recreation Resources Review 
Commission (ORRRC), which was created under President 
Fisenhiwer to conduc? the firtt nationwide inventory of 
recreation facilities, From that four-vear study came an 
mstonishing number of landmark initiatives. 

Among them was the Land and Water Conservation 
Fund, which has dhistriboted nearly 7.2 bilien dollars since 
1964 — mamly from offshore oil leases — for conservation 
and outdcor-recreation projects. Others were the National 
Wildermess Preservation Syatem, which has grown from 4 
million to 9) million acres since 1964: the Wild and Scenic 
Rivers Act, which has extended protection to 119 overs 
since (O68: and the National Trails Svatem Act of 1968 

In cur 19S? report we on the President's Commission on Americans Outdoors 
applauded these histone measures, even a4 we noted the urgency of Continuing 
to support them. Linfortunately, our report was shelved. In fiscal 1990), Congress 
appropriated only 233 million dollars for the Land and Water Conservation 
Fund, afar ery from the billion dollars a year that the commission called for, 

Yet we must have patience. That's something Laurance Rockefeller has 
taught me. You cannet expect quick results from o report. But when we lok at 
what Laurance accomplished with ORREKC,. we can't help but hove simular hopes 
for a new generation of outdoor-recreation programs —for greenways, for urban 


‘tesa L! ae Cil| 


parks. forscenic bywavs anc private comeervation Corps 





‘Lournece’s bond has stuved at the tiller of the conservation and recreation 
movement all this tine.” says Patick Noonan, president of the Conservation 
Fund and a Nanonal Creographic trustee “He wos the father of many important 
initiatives, and now IP thimk you could call him the erundfather.” 

On Mav 26 Laurance S$. Rockeleller celebrated his 80th buthday. I think we 
owe this crancdfather three cheers for the outdoor legacy he has created 
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Theft at Herculaneum: 
280 Artifacts Stolen 
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Whatrat? An Odd Bird 
With a Cow's Stomach 
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TAKE YOUR FRIENDS TO NEW HEIGHTS 
WITH NATIONAL GEOGRAPHIC! 


Share all the thrills and adventures of NATIONAL GEOGRAPHIC | 
with vour friends by giving gift memberships in the Society— | 
gifts of wonder that last all year. To order memberships for 
family and friends, just mail your check with this form jor a 
copy of it) today! 
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The Gulag 
The world is watching political and social 
changes in Eastern Europe and the Soviet 
Union unthinkable six months ago. Until all 
forms of repression have been eradicated, it 
would be wrong to allow those who ore suffering 
to be forgotten, and thus | was most mterested 
in the article on the gulmg (March 10). 

PETER HUDSON 

Templecombe, Somerset, England 


More than 15 years ago Jewish communities 
were selling Star of David medallions inscribed 
LET MY PLorLe oo, with the name of a “pnsoner 
of conscience” on the reverse. Like many Ro- 
man Catholics | purchased and still wear one on 
High Holidays, | was happily surprised to read 
that Hille] Butman was released, It is his name 
that appearson my Star of David. 

Esxrigut H, Mrvanes 

Crford, New Hampalire 


Twas one of the POWs who spent three and a 
half years in camps of the wulag_ I wascalledinta 
the German Anny in April 1945 at 17 years of 
vec. In May [bécames prisoner of the Russians, 
along with 60 Hungarian kids 14 to 18 years old 
In Domilino, a camp outside Moscow, we did 
heavy construction, Euch of us was photo: 
graphed in the only nice uniform in the camp. 
Later | made this sketch of a “medical” checkup 
of work group 1, judged “fit for heavy work.” 
I found your report correct but too short to 
describe the sufferings. 

EnuAgp OSECH 

Ratingen, West Germany 





Siberia 
Stalin was not the only leader of the Soviet 
Linion te transport peoples living within Soviet 
hboundanes to Siberia. From the late [890s 
through the early days of the communist gov- 
emment, many thousands were transported to 
Siberia, where they were used as slave labor. 
Few ever returned. Often communist leaders 
saw to it that names of the vanished were re- 
moved from all records in their home towns. Ii 
you were a lucky person who remained behind, 
you would not jeopardize your life by revealing 
that you knew the vanished person. My grand- 
parents and others | know here in the U.S., 
Canada, and South America fled with the skin 
on their backs during the days of the nse of the 
communist lenders. 

Vincinia WoTH 

Sacramento, California 


You used up a lot of water in the last hwo issues, 
In March the article on Siberia stated that Lake 
Baykal held one-fitth of the world’s fresh water. 
In April the article on Antarctica said that that 
continent held more than two-thirds of the 
world’s fresh water in the form of ice. Am I to 
assume that Arcticice, the continental rivers, all 
other lakes and stream, and other glaciers tonal 
only 13. percent of the world’s fresh water? 

THomas P. FULLERTON 

Kalispell, Mantarna 


No. Antarctica locks up sence two-thirds of all 
freshwater on darth, Other glaciers and ground- 
water account for most of the rest, Of the liquid 
one-third of one percent on the surface, BayKal 
holds one-fifth, admittedly a drop in the Ducket, 


Mike Edwards's. two articles on Siberia, 
enhanced by Steve Raymer’s photos, and the 
superb work of Jean-Pierre Vaudon and Pierre 
Perrin preserve an important segment of Rus- 
sian history. | was especially impressed for a 
personal reason. Perm, Norilsk. and Abakan 
were the onetime homes of an American, 
Walter], Ciszek, held prisoner for 15 years. He 
was working in Albertin (East Polund/ White 
Russia) after completing his theological educa- 
tion in Rome in the 1930s. After the Soviet 
Army overran that arca, he volunteered under 
an assumed name for Ural lumber camps to 
ascertain the possibility of spiritual munistra- 
tion, When the Nazi armies invaded Russia, 
Ciszek was arrested and sent to Perm; then he 
spentten vearsinslave labor campsin the Arctic 
and seven years in Abakan a3:a mechanic. He 
was repatniated in 1963 and died in O84. As the 
wife of William Casey, past head of the CIA, I 
was invited to friendship with Father Ciseck. | 
submit these reflections as testimony to the 
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infinitely and still never get toadefinite pont established time zones—by the civil engineer 
1M TLE Sir Sauntord Fleming. (anada’s foremost trail- 
7 way surveyor, he realized that the railway made 
obsolete the old system of each major centerset- 
ting its clocks by local astronomical conditions 
re was instrumental in convening the Interna- 
onal Meridian Conference in Washington. 
D.C., m LaS4, ot which the standard time 


In thie day und age when evervithing seems 
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Ah, the amily trip. What a moving 
experience, Things can gel emotional 
.  justpackingup. Before youknowit, | 


you re sobbing uncontrollably in- 
to that sleeping bag that won't fit. 
Time to considera Ram Wagon. 
It can hold more than your daughter's closet and carry as many as 15 
happy campers. And, with up to 4 tons of available towing capacity,a Ram 
Wagon can pull off a trailer or boat with no sweat? It even comes with 
™ standard rear anti-lock brakes to help you stop for those wonderful 
souvenirs, like kitchen magnets of the states. 
[tS really the only civilized way to take everyone and every- 
thing, everywhere, By the way, if vou re out on a quick run 
without all the gear, it's fun to sing those awful 


camp songs and listen to the echo. 


Dodge 
_ Advantage: Dodge. iam 
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CONTACT YOUR COUNTY 
EXTENSIOS OF FICE 


OPENING YOUR HOME 
TO AN 
AFS EXCHANGE STUDENT 
WILL CHANGE YOUR WORLD 


Hest an APS exchange student fram 
one of 74 counties oround the word 
IN COMnnuUnTieS OCtoss Arreicd, 
FOr: Nike VO Ore Gistoveaing 
ihe aeqtement! of sharin tre live 
wh an inftarmnotionoat-stucent from 
oD. Wien you open your home 
fo an ARS stucent, your tarry wll 
enjoy o year of fiamoship and 
le@oming that wall hanta lifahirne 


join the worldwide network of AFS 
Pest Torrnlies. For forty yecud, AFS 
intercultural Programs hos oeen 
bninging the world closer to hone 
Coll APS today ond csh oodut Prexst 
fondly opportunites 


AFS HOSTING PROGRAMS 
1-800-AFS-INFO 


313 EAST 43rd STREET 
MEW YORK. WY 10017 


based on the phases of the moon, cach quarter 
taking approximately seven days to complete. 
Deriving a seven-day time unit from vague cir- 
cadian rhythms seems farfetched to me. 

PHILLY ANDERSON 

Portland, Ciregor 


Actterlly the seven-day week may be more closely 
fed fo seven ay a runic nunper. in mythology 
then to either astronomy or chronobology: 


Contrary to what Julian Jaynes says, for Homer 
hime of the essence. The Jind commences ten 
years after the Trojan War started and gives 
“the story so far.” Por the hero, the culmination 
of glory is the moment of death, which brings 
hindsight and a clear vision of the future. The 
whims and actions of the immortals are shown to 
swiy the ephemeral lives of mere mortals, Also 
pivenis a perception of the war asa catalyst that 
precipitates timte itself. 

JuULLA-A. SMITHERS 

London, England 


Ancient Skywatchers 
How inappropriate to compare Inca and Mava 
world views with Navajo (pages $1-3). The 
Navajo’s ancestral land is in the far nerth, ani 
they arrived in the Four Comers area no earlier 
than 1300. They quickly adopted cultural 
aspects from the Hopi and other Pueblo tribes. 
It is the Hopi ancestral land that is bordered 
on the four cardinal points [by physical land- 
marks]. If you desire to know the origin of the 
Four World People and the importance of the 
celestiol sphere, ask any Hopr farmer. 

Veipa R. AToKUKU-ViTz 

Corpus Chirisn, fea 


Geographica 

Keeping the Boston Light manned rather than 
nutomated wa good example of deliberate 
waste and inefficiency forced on a government 
agency for political gain. While | agree that 
historic sites should be maimtuined for tuture 


generations, the route the Massachusetts corn- 


gressmcn und senators chose was inappropri- 
ate. Why was automation so terrible. anyway? 
The Coast Guard will now have to cut funding 
that could have saved lives, the real Coast 
Guard mission. 

Michael C, DoLpeER 

Aberdeen Proving Ground, 

Marvianel 


Letters should be addressed to FORUM, National 
Geographic Magazine, Box 37448, Washington, 
DOC. JAF. and should include sender saddress 
andielephorne number, Nevallleners can be used. 
Those thar are will often be edited and excerpted. 
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Talk about your breakfast of champions. 


Add a few drops of Tabasco” sauce to 
your hash browns, scrambled eggs, 
prits, omelette — whatever. That'll get 
your engine started. 


The lively taste of Tabasco’ sauce. 
Dont keepit bottled up, 
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FROM THE EOILTOR 


Water — 
The Growing Crisis 


PEAILLY EVERY SCHOOLCHILD knows that 
seven-tenths of our planet's surlace is 
peovered by water—seeminely in mex- 
haustibte supply for-earth’s five billion 
people. But the sobering fact is that ¥/ percent 
of that water is saline and unusable, leaving 
ameager 3 percent to nouwrsh and sustain all 
terrestrial life. Moreover, the world’s human 
population continues to explode, while the 
supply of fresh water remains constant, 

Just how that life-giving resource will be 
conserved and apportioned in the coming cen- 
tury is one of the great problems that Tace us. 
Most Amencans believe they are blessed with 
ample water, but the Yas droughtin the real 
Plains and Midwest brought a shocking realiza- 
tion! Already. given a bad year, there ts simph 
nol enough to go around. 

The cost te the American farmer and thus to 
all of us-approached seven billion dollars, but 
other long-range effects defy a price tag. The 
drought drastically reduced the levels of many 
mland waterways, among them the Missouri 
River, There the reduced level severely 
affected nesting and breeding habitats of van- 
ous species of fish and waterfowl. Asa result. 
least terns and piping plovers—already on the 
endangered list—are further threatened, and 
they may never recover their numbers, 

In this issue Nicole Duplaix offers a profile 
of another region facing severe water prob- 
lems: south Ronda natest of the problems 
ure scli- are impossible to 
reverse That ¢ portrait is ‘abaaeed theusancls 
of times around the globe, wherever man's 
greed and lack of vision have outrun common 
sense nnd love for the land 

The solutions’ Conservation of water, for 
one. While the United States ranks sixth 
among water-rich nations of the world, we 
are third on the list in terms of waste and 
COMSUIMpOM. 

Desalination offers some long-range hope. 
L!, S, research laboratones are ¢ xploring An 
ripen technique of using heat from the 
tropical oceans to convert salt water into fresh 
thus saving conventional forms of energy. 

Technology, however, is only a partial 
answer. The real solution—like the problem 
—1§ mankind itself Ps 


fat fy ts , 
al tam ine eel 














TOYOTA CAMRY 





“Theres no place like home. 
Unless you own a Camry.’ 


There’s something reassuring about a car that 
can make you feel at home regardless of where you drive it. 
The Toyota Camry is like that. A car you feel 
at ease in. A car with a reputation for earning peo- 
ple’ trust. And with the kind of features that make you 
feel welcome. Like a memory-tilt steering wheel that 
adjusts to where you like it, and then remembers 
exactly where that is. Or a driver’ seat that adjusts 
seven separate ways. Or a little ring around the igni- 
tion switch that lights up at night so you don't have 
fo search around with your key in the dark. Little 
touches to make driving nicer 

But perhaps the nicest little thing about the 
Camry is that its a Toyota. And that means a heritage 
of dependability and quality that really makes 

you conyortable. So you can feel at home. 


[oyota, I love what you do for me” 
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Yellow-footed Rock 

Wallaby 

Genus: Petrogdle 

Species: ortho pass 

Adult sie: Head ancl body 
hengih, 60-7 (crn; tal 
61 flier 

Adult weight: f-hg 

Habtiat: Hock outcrops 
art clitts in sern-ariel 
coundiny, Australis 

Surviving number: 
Fstimaberd at 12 (MK) 

Phate<grapbiard by 
John (Cancados 


A yellow-footed rock wallaby pauses from foraging in its rocky 
habitat. European settlements in the mid-1800s brought relent- 
less hunting of these gentle marsupials for their beautiful pelts. By 
the turn of the century, populations had diminished significantly. 
In 1912 the yellow-footed rock wallaby was given a protected 
status, which continues today, To save endangered species, it is 
essential to protect their habitats and 


understand the vital role of each spe- = - 4 


E - Ls t 
cies within the earth's ecosystems. EI |\: jue 





Color images, with thew unique ability 





to reach people, can help promote a 
greater awareness and understand- 


ing of the yellow-footed rock wallaby COLOW LASER COPIER 
and our entire wildhie heritage. fr" 
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Homes for Wildlife 
in Unexpected Places 
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the Wildflowers of Spring 
Te CHIC PTY Ol Taw pres 
ina ml STO MLL papa la tbo 
re responsible for a dangerous decline 
ee in wildflower bulbs. sas Mra. Marpteric 
Arundel of Warrenton 
Rete hie a crude fo Oat oon cn 
the trade 


WEE. Wir fae 


Wold-pulbe are the paren ol some of cut 
mst beavis eonne firerers. HCN as chin 
Gils and tulips,” explain “ir, Aronadel. an 


a i 
Tei Ll 


Le aaa OF GCCROeS Wn A 


= 


the tagriden Clahb of Amen. “lhe hybrid 
fal fiowers,, opeluced chieiiv in the Mether- 
scnetic ktrengin, 1 


Wwe bose (hear puirents tn the wild, we Gow! 


1 ai J 
rl Li Settle CU LEE 


everitually boxe the (howere altoee het 
Aowt five wor neo bulh dastributors be- 
tulips, ecto, ane 


is nove!) duh tay en 


fan lisning wild narciaus 
Others im conta ait 
dens, an appeal to Thorn cian fee hie 
Oem 


ee ae nmaerm in veore 
fiw inciand Fane Mm vVepresied 


U.S. and Baltic Students 
Exchange Work in Parks 
orl parks mm LAW, slot, and 
tie. Linked) Sales being spruce 
up this summer by work team muse 
Be oun of tagh acted students [roi al 
throne countries 
fen Ao 


Tam SOP 


ic tecnagers. five from cach tthe 
TTT 
in Philadelphia before repos 
ing fire damage in Vellowatone, Living in the 
they will reuse 
fallen trees fron trails 
[nm late July the 17 


ho | P-rich Tree (i AS l aiwis acl 


a 
Pept Th ne teh 


‘i i eeil 
Were al TEAC 


, a d "7 bi . i 
hirshy with acl Lope ey cet 
[elcel brivis cla 


nod pesaeed fire breaks 


' STIS Tor POS Me See 
The cechater i spose’ hy thi 
(omenrvatin Aveta cit 4 harlestown 


eT ik 


Lue T 


1 a: | 
Hamochire, whieh anmuilly oloce 
t & as » om, flay =f ® 

arith oollewe med beeh schon ei 


eT ADO Inte PULTE ees 


To ie | | =n 
Cee EELS Wh Laan 


-ARTH ALMANAC 


arras anrifl the work bored then 


gathermng of bulbs from the wild, sendin 
them onoTrcirtis trade rautes 
ace Ate. Arundel collated the help of the 
World Wihdhte Fund ond ihe 
Resources Defense Co 


[hg a 1 Lis 
ee 


t . 
stuns | 
ict, AT Vesti 


foutes andl the Vue of 


r a 
holhs mvolwed. The (anrten Lun of Ae 
Er 
ica Releed get the messiege 1 lncal purcen- 
. R 1 z Trey | 
are. fi amputee dale Dass Ws CITE 


The iivestigatinn has reveled wihi bower 
lowers from countries: as scathercd wit anadda 
hl Inch, Pongal ond Japan, bal thereat: 

of loses appear to have been eullercd [4 
Turkey. Shipped from Tiarkey lvat veur, for 
Sane, SE SLIT 

rer ire | I Cranlieaeney | 


ie ale Ew ra. wabte i 


tillion Melba od 
nodding 
IpPpe erewjle sack ya Stil 


1h hi hilt! 


PCS Oe li Lo ARTY =a 
b iadosiry is con 
to-hate parental bullies as 


1 a | 
noien, The Netherlands ful 
Lcd a i 
aj ti da. 


S ETCMT Salli) ROLE iT ere n Tei 


cultivated stack 


Tropical Forest Loss 
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You can help. Join the oldest whale 

srotection organization in the world. 

Membership includes a subscription to 
W halewatcher, a quarterly journal about 
whales, dolphins, and porpoises. For 

information write to the American 

Cetacean Society, PF}. Box 2639, 
San Pedro, CA 90731-0943. a 
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The chair gently rocks and your child's eyes flutter closed, thumb slotity drifting toward its destination. 
This very special moment could be ruined ina tlash. Bul how else, in this limited light, can It be captured? 





DIFFERENCE 


And will your everyday film rise to the challenge? May we suggest Fujicolor Super HG400. 
With Super HG400 the moment and the action are frozen in time, with a vibrancy, clarity and fineness 


iS THE 


of grain that.even in low fight, you hadn't thought possible. You might want to keep some close al hand. 
After all, perfect moments.don't always happen in perfect light. FUJI. A new way of seeing things. 
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